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[* preparing this work, the Author has endeavoured 

to make it as complete as the limits assigned by the 

' publishers would permit, regarding the subjects naturally 
falling under the designation of ‘‘ Physical Geography,” 
or the less definitive, though more simple term of 


« Physiography.”’ 


With this purpose in view, it was found necessary to 
give some account of the Earth as a member of the Solar 
system, though without trenching further than could be 
avoided on the domain of Astromony. Some reference 
also was considered necessary to the early condition of 
the Globe, in which the subject is naturally connected with 
structural Geology; and, these fundamental problems 
having been disposed of, the way was clear for the 


consideration of the physical phenomena observable on 
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the surface of the earth as at present constituted. So 
wonderfully linked together are all the parts of this stu- 
pendous whole, to which we give the name of NATURE, 
that it is impossible to deal with any individual section 
of it, without in some degree calling in the aid of the 
others. Even the organic and inorganic kingdoms are 
so interdependent that the subject handled in this work 
would have been considered somewhat incomplete, had 
no reference been made to the distribution of animal and 
plant life on the Earth’s surface; and, consequently, 
several concluding chapters have been appropriated to this 
most interesting and comprehensive subject, which for 
its proper treatment would require the pages of a work 
of several volumes. Where anything like full treatment 
of a special subject was found inconsistent with the 
scope of the present opusculum, references have been 
given to works in which it will be found more fully 
handled, and which are generally accessible to the class 


of readers to whom the present book is mainly addressed. 


In conclusion, I have to express my obligations to 
several friends who have given me their valuable assist- 


ance when treating special subjects, amongst whom I wish 
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specially to mention the names of the Rev. MAxwELuL 
H. Cuiose, F.G.S., for his kindness in revising those 
portions dealing with Astronomical and Mathematical 
problems; to Professor BARRETT, F.R.S.E., for revising the 
pages dealing with the subject of Terrestrial Magnetism; 
and to Mr. BursipGce, F.L.S., Curator of the Botanic 
Gardens belonging to Trinity College, Dublin, for his 


contribution to the subject of Plant-distribution. 


Roya CoLLEGE oF SCIENCE 


DvuBLIN, 


December, 1888. 


EAS PLIES LT RGGI OL ELLE ODT LEE PEARED EL SLIDE L IAS OB SINS AS IG 


= enone 
~ MOVECDNMERT DOTERICA! CADREHS 
r GOVERNMENT BOTARIOAL GARDCAS 


LIBRARY. 


SBeelien.......-- So Sede ers 


ET See Ne 


PebieY 5 Cheri ACP HY 


————— 


TABLE OF CONTENTS. 


PARTI. 


ASTRONOMICAL anp INTRODUCTORY. 


CHAPTER I. 


THE EARTH AS A PLANET IN THE SOLAR 


SYSTEM. 
PAGE 
A.—THE POSITION OF THE EARTH IN THE SOLAR 
SYSTEM a> eis ma a fe nas 
B.—Tue Ec .iptic, or PLANE OF THE EARTH’S 
ORBIT ... a a ihe a om a0 
C.—TuHe Eartu’s Rorartion ON ITs AXIS... SOR 


D.—Tue Eouator. Ricut ASCENSION AND DE- 
CLINATION — an ale pie ie ee 


IV Physiography. 
PAGE 
E.—INcLINATION OF THE PLANE OF THE ECLIPTIC 


TO THAT OF THE EQUATOR = ee 
F.—TuHE POLeEs. PRECESSION AND NUTATION. 
(He COLE so PAie coe te te 652 2 
G.—THE ATMOSPHERE ae = “at ree! 
CHAPTER’ fl. 


THE EARTH AS A PLANET (Conrinvuep). 


A.—THE SEASONS. EXPLANATION OF THE CHANGES 
THEREIN SS me a oes a 333 
B.—TuHeE Tropics OF CANCER AND CAPRICORN. 
THE ZONES ON THE EARTH’S SURFACE 
DEPENDENT ON ASTRONOMICAL CONDITIONS 37 ® 


CHAPTER III. 


LATITUDE AND LONGITUDE. 


A.— DEFINITION 


aise +" ae 29530 

B.—MoDE OF DETERMINING LATITUDE BY OBSER- 
VATION OF THE POLE STAR eu 

C.—MOoDE OF DETERMINING LATITUDE BY OBSER- 
VATION OF THE SUN site we Pome 


D.—MoDE OF DETERMINING LONGITUDE ... acy op 


Table of Contents. Vv 
CHAPTER IV. 


BPHE M:0 O'N. 


PAGE 
A.—Its Nature, Form, AND DISTANCE FROM 


THE EARTH ... Hf is es ne AO 
B.—Periopic TIME oF THE Moon’s ROTATION . 47 
C.—NATURE OF THE MOoNn’s SURFACE _... epee: 
D.—Ec.ipses OF THE Moon ape ee peg 


E.—DENSITY OF THE MOON AS COMPARED WITH 
THAT OF THE [XARTH oe has na 5Q 


vl Phystography. 


Part II. 


TERRESTRIAL PHYSICS AND 
DYNAMICS. 


CHAPTER I. 
THE EARTH. 


PAGE 


A.—ForM OF THE EARTH... = i <eeen ye 
B.—STRUCTURE OF THE EARTH. THE CRUST AND 

INTERIOR PORTION ... oh. aes SEES 
C.—INTERNAL TENSION BELOW THE CRUST a: 
D.—EFFECT OF THE CONTRACTION OF THE EARTH 

ON VELOCITY OF ROTATION eae -o9) 
E.—MEAN DENSITY OF THE GLOBE ak Ro, 
F.—DeptH oF MOLTEN MATTER BELOW THE SuR- 

FACE “Va So rt ee ; ons | 58 


G.—INTERNAL TEMPERATURE OF THE EARTH ia 
H.— TEMPERATURE OF THE ‘‘ INVARIABLE STRATUM” 61 


CHAPTER II. 
VOLCANOES. 


A.—NATURE OF VoLcANIC ACTION ... = mip a 


Table of Contents. 


B.—Votcanic ACTION OF GEOLOGIGAL TIMES 
C.—STRUCTURE OF A VoLcANiIc MOUNTAIN 
D.—DIsTRIBUTION oF VOLCANIC MounrTAINS 
E.—LINnEs oF VOLCANIC VENTS ... ie 
F.—GEYSERS ... re ai re 
G.—CausEs oF Votcanic ACTION ... pre 


CHAPTER III. 
EARTHQUAKES. 


A.—COoONNECTION OF VOLCANIC ERUPTIONS 


EARTHQUAKE SHOCKS. DESTRUCTION OF 


HERCULANZUM AND PompPpEII an 
B.—Non-Vo.tcanic EARTHQUAKE REGIONS 


» C.—NatureE or EARTHQUAKE SHOCKS ... 


73 
74 
73 


Vill Physiography. 


Part III. 


PHYSICAL FEATURES OF THE * 
GLOBE. 


CHARTER UI. 


VARIETIES OF SURFACE FEATURES. 
PAGE 
A.-—GENERAL STATEMENT REGARDING THEIR ORIGIN 78 


B.—MounTAINS: THEIR STRUCTURE AND MODE 
OF FORMATIONS [xo Gees cos. Sew ek, aan 


CHAPTER Ii. 
THE OCEANS. 


A.—THEIR EXTENT AND MEAN DEPTHS ... he ae 
B.—INGREDIENTS OF OcEAN WATERS =e seas 
C.—GEOoDETIC LEVEL OF OCEAN SURFACE a Oh 
D.—DEPTHS OF THE OCEAN, AND NATURE OF ITS 
Bep. OcEANIC ISLANDS ... seth rear. & 
E.—TuHeE ATLANTIC PLATEAU ah +A Re 2 9 
F.—MarRGIN OF THE OCEAN... Yew a vse. OF 


G.—ComposITION OF THE OCEAN-BED ... Sigg IO 


Table of Contents. 1X 


PAGE 


~H.—ConTRAST BETWEEN THE FORM OF THE 
OcEAN-BED AND THE SURFACE OF THE 
LAND ... + ie ace ae Soe OM 


CHAPTER III. 


HOW THE OCEANIC WATERS BECAME SALT. 


A.—ORIGINAL FORMATION OF THE OCEAN BASINS 93 


B.—Sa_t LAkEs ces 4? Ae a at Od 
C.—SALINE AND OTHER INGREDIENTS OF SEA-WATER 94 
D.—Tue Deap SEA OF PALESTINE... ae Se eke 
E.—TuHE CASPIAN SEA ies nae se A 8 9, 
F.—THE SUBSTANCES CARRIED BY RIVERS INTO 
THE SEA att tos ated Gets ~. ws, QQ 


© G—LAKES WITHOUT AN OUTLET, OR. “ CLOSED 
LAKES ”’ ya oe we cee 2. 22k OO 
H.—ANALYSES OF WATERS OF ‘* CLOSED LAKES” 100 


CHAPTER IV. 


CORAL ISLANDS AND REEFS. 


A.—DISTRIBUTION AND NATURE OF CORAL REEFS 102 

B.—Forms oF CoraL REEFS get es Sor tans 

C.—REeEEF-BvILDING PoLyps... i a 344, 100 

D.—Darwin’s THEORY OF A SUBSIDING CONTINENT 108 
B 


x Physiography. 


CHAPTER V. 

THE TIDES. 
PAGE 
A.—CHARACTER OF THE TIDES see Pee 
B.—ATTRACTION OF THE SUN AND Moon... ate 
C.—THE SyZyGIES AND QUADRATURES ss. 3h bs 
D.—ErFrFeEct oF DEPTH OF THE OCEAN . 116 

E.—A LarGe ExpANSE OF WATER NECESSARY FOR 

A TIDAL WAVE .9 $86 
F.—Tue Atvtantic TipaL WavE ty et 
G.—Co-TipaL LINnes «.. we cs . 118 
H.—VERTICAL RISE AND eae OF THE TIDES -, S25 
I. —TipAL RETARDATION OF THE EARTH’S ROTATION 122 

CHAPTER VI. 

OCEANIC CURRENTS. 
A.—THEIR NATURE aa i -s ane Te 
B.—DIREcTIONS oF CURRENTAL MOVEMENT 124: 
C.—CauseE oF OcEANIC CURRENTS... : .- 125 
D.—TuHE THREE GREAT PRIMARY CURRENTS ae ie a) 
(1.) The Atlantic Equatorial . 126 
(2.) The Pacific Equatorial .. oe 127 
(3.) The Equatorial Current of the Dadian 

Ocean ee, 
E.—Tue Guir STREAM . 7125 
F.—TuHE Sarcasso SEA . 130 


G.—CAuUSsES OF THE GULF STREAM... 


. 130 


Table. of Contents. XI 


‘CHAPTER VII. 
OCEANIC TEMPERATURES. 


PAGE 


A.—INTRODUCTION ... os if ies eet 
B.—TEMPERATURE OF THE NorTH ATLANTIC AND 
OTHER WATERS a 2133 
(1.) North Atlantic, 300 rides S. W. “of cape 
Clears <a ae : 34. 


(2.) North Atlantic, off Cape St. isn 134 
(3.) South Pacific Ocean, between Fiji Is- 


lands and Torres Straits ... Pe SUEA 

(4.) Antarctic Ocean ... eet avs Poa ei 

(5.) Mediterranean... AeA: the Hok35 

(6.) General Conclusions a: sei TOS 
C.—Sovutu ATLANTIC OCEAN ede fe re SES 


CHAPTER VIII. 


CURRENTS OF THE AIR. 


A.—Tue WINDS: THEIR GENERAL CHARACTERS... 138 
B.—Tue TRADE WINDS: THEIR POSITION AND 


ORIGIN ys oe ese me a aae 
C.—REGION oF SovutTH- WESTERLY PREVALENT 

WINDS aX rf ie ae ise nt 4O 
D.—REGION oF NorTH- WESTERLY PREVALENT 

WInDs a oes eee tas eee TH 


E.,—CyciLones. DISTRICTS SUBJECT TO THEM. 
LAWS OF THEIR MOTION ... ‘es ye) £44 


Xil Physiography. 


F.—REGIONS SPECIALLY LIABLE TO STORMS. THE 


Monsoons OF INDIA whe re is 
G.—WEsT INDIAN HURRICANES wena a 
H.—WHIRLWINDS OF THE INDIAN OCEAN... ~ eee 
I. —CoNNECTION BETWEEN BAROMETRIC PRESSURE 

AND DIRECTION OF THE WIND ..,. 4 
J. —BaroMETRIC GRADIENTS... Sa a ae 
K.—Isopars, OR LINES OF EQquaL BAROMETRIC 

PRESSURE... at Sea oi Ae 


CHAPTER IX. 
TEMPERATURE OF * THE AIR. 


A.—THE TEMPERATURE FALLS AS WE ASCEND 
B.—EFFECT oF RADIATION AT NIGHT one ee 
C.—OSCILLATIONS OF TEMPERATURE af ae 
D.—ConTINENTAL AS DISTINGUISHED FROM ISLAND 
oR Coast CLIMATES es nee eke 
E.—LImIt OF THE CULTIVATION OF THE VINE ... 


F.—ISOTHERMAL LINES des ise ae sy 
G.—TuHE IsoTHERM OF 50° FAHRENHEIT ... ste 
H.—TuHeE ISOTHERM OF 30° FAHRENHEIT ... ) 
I, —EFFECT OF TEMPERATURE ON HEALTH os 


J. —Curmatic CoNDITIONS OF THE BRITISH ISLES 


CHAPTER X. 
RAIN AND RIVERS. 


A.—INTRODUCTORY 


PAGE 


145 
146 


147 


148 
149 


150 


I51 
153 
154 


154 
157 
159 
159 
160 


161 
162 


164 


Table of Contents. 


B.—DISTRIBUTION OF THE RAINFALL _ 
C.—PuysicaAL PECULIARITIES OF THE’ BRITISH 
ISLES AS REGARDS RAINFALL 
D.—RIvers: THEIR FUNCTIONS IN NATURE 
E.—TuHeE Cuier River-BaAsins oF THE WORLD . 
(1.) Europe 
(2:) Asia.. ; 
(3.) Africa eS 
Gey america.... sae 
F.—CANons oF NortH AMERICA 
G.—TRANSPORTING POWER oF RIVERS 
H.—EVIDENCES OF FORMER MORE EXTENSIVE 
RivErR Action. A PuiuviaL PERIOD 


CHAPTER XI. 
SNOW AND GLACIERS. 


A.—INTRODUCTORY ... ar Ay. ia 
B.—Tue Snow-Line: Its Micon AND CAUSE... 
C.—LEvVELS OF THE SNOw-LINE IN VARIOUS 

COUNTRIES ... ie: a a, Ne 
D.—GLACIERS: THEIR ORIGIN AND OFFICE _ IN 


NATURE AND LAWS OF MOTION ... he ke 
E.—CAuUSE OF GLACIER MOTION ... Me aor 
F.—EFFEcCTS oF GLACIER ACTION ... bee sf; 


(1.) The Polishing, Grooving and Striation 
of Rock Surfaces : 

(2.) The Formation of Hollows idl Vana 
Basins 


X11 


PAGE 


» 165 


166 
168 


CTO 


rae Gp 


171 


ag iy 
Seeaesp. 


176 


174 


hil 


181 
182 


IgI 


. 192 


XIV Physiography. 


PAGE 


(3.) The Formation of Moraines ... 0 AOS 

(4.) The Sculpturing of Rocks ce 321195 

(5.) The Formation of Boulder Clay as os 
G.—ForRMATION OF ICEBERGS IN THE GREENLAND 

DBAS J tas ie bee oan a poet Oe 

H.—ForMER EXTENSION OF GLACIAL CONDITIONS 198 

I, —HAaIL ay sae i ess ses <08, 209 

J. —WaATERSPOUTS c. aon xe eee eee 


CHAPTER XII. 
UNDERGROUND WATERS AND SPRINGS. 


A.—PERCOLATION OF RAIN THROUGH THE STRATA 201 
B.—PERMEABLE AND IMPERVIOUS STRATA ... ees 
C.—PRoOPORTION OF RAINFALL ABSORBED BY STRATA 204 
D.—INCREASE OF ‘TEMPERATURE RECEIVED BY 


UNDERGROUND WATERS... vei Byte) 3 = 
E.—ORIGIN OF SALINE SPRINGS... ‘a 2. 72206 
F’.—Hor SprinGs on SS ay. vas .. 208 

(1.) Volcanic Springs... is Ax ere 
(2.) Non-Volcanic Springs ... Pat aa, 2G 


CHAPTER XIII. 


ARTESIAN WELLS AND UNDERGROUND 
WATERS. 


A.—COoNDITIONS UNDER WHICH THEY OCCUR ari ae 


Table of Contents. XV 


CHAPTER XIV. 
OTHER CONDITIONS OF TEMPERATURE OF 


WATER. 
: PAGE 
A.—FoRMATION OF GRouND IcE ... ee Pera, 
B.—TEMPERATURE OF WATER IN Deep LAKES ... 218 


CHAPTER XV. 
TERRESTRIAL MAGNETISM. 


A.—HisroricaL SKETCH ee Ave Tes P20 
B.—THREE CLASSES OF PHENOMENA OR MAGNETIC 
ELEMENTS _... aoe a % asta 22 
C.—VaRIATION OR DECLINATION OF THE Macnee 
NEEDLE Sie es ee ae seus 
D.—MAGNETIC POLEs.. oH dee sie ey Perey ys: 
E.—DUuPERREY’S tes aes <i Sov 2ae 
F.— VARIATIONS IN TIME OF THE Milerniie Neeaee 229 
(1.) Secular Variation see ae ver 2A0 
(2.) Annual Variation ee ite a erie (8 
(3.) Diurnal Variation rar a ae 
G. —INCLINATION oR Dip... = ie oon. 2a 
H.—Cuart or IsociinaL LINES ... wee 2p» 233 
I. —MAGNETIC INTENSITY. ... a es Sa 54 
J. —Cuart or Isopynamic LINEs ... We rae. t- 
K. —SABINE’s DEDUCTIONS ... ; whe eee 
L. —Line oF WEAKEST MAGNETIC Hoste: Sr eae 
M.—Tue Mariners’ Compass me i SS 


N.—THEoRIES OF TERRESTRIAL Mioxatias pra 


XV1 Phystography. 


PART Cave 


DISTRIBUTION OF 
PLANT AND ANIMAL LIFE ON 
THE, GLOBE. 


CHAPTER I. 


INFLUENCE OF CLIMATE. 


PAGE 
A.—COoONNECTION BETWEEN THE ORGANIC AND IN- 


ORGANIC KINGDOMS ... ae aa ese--243 
B.—CEIMATE THE MOST PoTENT AGENT IN THIS 
DISTRIBUTION see is ay ee 
C.—VARIATION IN CLIMATE, OWING TO CHANGES IN 
LEVEL OF LAND ... ey v3 sive oe 
CHAPTER AI. 


BOTANICAL GEOGRAPHY. 


A.—CLASSIFICATION OF PLANTS ACCORDING TO 
THEIR REQUIREMENTS OF HEAT AND 
MOISTURE... ‘is a ae ‘oe 24G 


Table of Contents. XVli 


PAGE 
B.—EFFEcT OF ELEVATION ON PLANT-DISTRIBUTION 248 


C.—INFLUENCE OF LATITUDE at ee maa 


CHAPTER. III. 


ZONES OF PLANT-LIFE ON THE 


HIMALAYAS. 

A.—THEIR DESCRIPTION a ae Re 
(1.) Zone A (of Masri ee an@250 
(2.) Zone B (of Mesotherms) ... . 256 

(3.) Zone C (partly of Mesotherms ee Mio: 
therms) ... 256 

(4.) Zone D (partly of Wigton bad Micro> 
therms) ... ae re Ete sory, 


CHAPTER IV. 


CULTIVATED PLANTS AND CROPS OF 
TROPICAL, SUB-TROPICAL, AND TEMPERATE 


CLIMATES. 
(1.) Macrotherms a ne as 250 
(2.) Mesotherms and ictierns wae ob 259 


(3.) Microtherms das one is ist 250 


XVIII Phystography. 
CHAPTER V. 


DISTRIBUTION OF, ANIMAL LIFE. 


PAGE 


A.—INTRODUCTORY  ... Sie wg aes i SGT 

B.—Zoo.LoGicaAL REGIONS ... pan 4 jas aioe 
C.—BaARRIERS WHICH LIMIT THE. DISTRIBUTION OF 

ANIMALS “86 ee 2 2 ies 6 | 
D.—PREVALENT ANIMALS OF THE fi Zo eroree 

REGIONS aes <a ee i :.. 206 

(1.) The Palearctic Region ... os a 2 

(2.) The Ethiopian Region ... ; ~2« 206 


(3.) The Indian (or Oriental) Revie sie ea 
(4.) The Australian Region ... oes ive 2e 
(5-) The Neotropical Region... ook nor 20G 
(6.) The Nearctic Region  ... i: oan 2 
E.—Man’s. Piace 1n Nature ies oes BA 


Peer COLOURED . PLATES 


AND MAPS. 


For Explanation of Plates, see page xxii. 


ee 


PLATE I.—VESUVIUS AND SOMMA WITd THE BAY OF 
NAPLES, 

IDEAL SECTION THROUGH VESUVIUS AND 

SOMMA is ae Bs “ 


PLATE IJ.—IDEAL SECTION THROUGH THE EARTH, TO 
SHOW CONJECTURAL STRUCTURE OF 
THE CRUST AND THE RELATION OF 
LaNnD AND WATER x ay <a 


Pirate IJ].—MApP SHOWING COURSE OF TIDAL WAVES 
AND DEPTHS IN EASTERN PART OF THE 
NorTH ATLANTIC OCEAN ae a 


Pirate IV.—Map oF THE NorTH ATLANTIC OCEAN, 
SHOWING THE COURSE OF THE EQua- 
TORIAL CURRENTS, AND OF THE GULF 
STREAM .. as aa Me ae 


Pirate V.—Map oF THE WORLD, SHOWING AIR 
CURRENTS AND TRADE WINDS aid 


FACING 


Title page 


page 54 


XX Physiography. 


PLATE VI.—Maprs oF BriTIsH ISLES AND WESTERN 
EUROPE TO SHOW CONNECTION BETWEEN 
THE BAROMETRIC PRESSURE AND 
DIRECTION OF THE WIND. 


No. 1.—MAP WITH is INCH ISOBARS. 
No. 2.—MApP SHOWING DIRECTION 
oF WIND SAME TIME AS NO. I .. 


PLATE VII.—CLIMATOLOGICAL MAP oF THE WORLD, 
SHOWING ISOTHERMAL LINES’ OF 
ANNUAL MEAN TEMPERATURE... .. 


PLATE VIII.—Mar to sHow THE LINES oF ANNUAL 
MEAN ‘TEMPERATURE OVER’ THE 
BriTisH IsLtes. (Prof. Hennessy) .. 


PLATE IX.—HyDROGRAPHICAL MAP OF THE BRITISH 
ISLES sf ae ey es Se 


PLATE X.—OROGRAPHICAL MAP OF THE BRITISH 
IsLEs, ‘wITH Co-TIDAL LINES AND 
OcEAN DEPTHS .. abe See 


PLATE - XI.—EYE SKETCH OF THE + GLACIER OF 
ALLALEIN IN THE VALLEY OF SAAS. 
(Prof. F< Dh. BP OFDES) sea 5 Ss =e 


PLATE XII.—To ILLUSTRATE THE _FoORMATION OF 
IcE-BERGS FROM A GLACIER IN THE 
GREENLAND Seas. (After Prestwich) 


PLATE XIII.—CuHART oF THE BritisH ISLES, WITH 
- LINES OF EQuAL MAGNETIC VarI- 
ATION OR IsoGonic LINES FOR THE 
YEAR 1888 ca a 


FACING 


page 


be] 


9 


” 


) 


99 


148 


159 


163 


186 


198 


226 


Pest eOr FIGURES. 


2 ee 
PAGE 
Fic. 1.—DIAGRAM TO SHOW THE SEASONS IN THE NORTHERN 
HEMISPHERE ic ae a ve eaey AO 


Fic. 2.—DIAGRAM TO SHOW HOW THE LATITUDE OF A PLACE 
IS ASCERTAINED BY OBSERVATION OF THE POLE 
Se AR. es ne hie ws Sve ee 40 


Fic. 3.—DIAGRAM TO SHOW HOW THE LATITUDE OF A PLACE 
IS ASCERTAINED BY OBSERVATION OF THE SUN’S 
MERIDIAN ALTITUDE te is oe mm ee. We. 


Fic. 4.—DIAGRAM TO SHOW THE ACCELERATION OF THE 
EARTH’S VELOCITY CONSEQUENT UPON ITS CON- 
: TRACTION oe “8 ais es Ae 56 


Fic. 5.--DIAGRAM TO SHOW THE MODE IN WHICH AN 
EARTHQUAKE-WAVE IS TRANSMITTED FROM A 


= 


SUBTERRANEAN FOCUS OF DISTURBANCE your 7D 
Fic. 6.—SECTIONS TO SHOW STRUCTURE OF CORAL ISLANDS. , 104 


Fic. 7.—To ILLUSTRATE THE MovEMENTS OF CYCLONIC 
STORMS IN THE NORTHERN AND SOUTHERN 
HEMISPHERES ee ae At oe avr sktS 


Fic. 8.—SECTION THROUGH THE CHALK DowNS oF BERKS, 
AND WILTS, TO SHOW POSITION OF SPRINGS AND 
WATER-BEARING STRATA .. ee ap nee 5203 


Fic. 9.—SHOWING STRUCTURE OF GROUND NEAR TRENTHAM, 
STAFFORDSHIRE, AND POSITION OF BOREHOLE 
WITH FOUNTAIN OF WATER ra Zs s+. 4 


Fic. 10.—SEcTION THROUGH THE LONDON Basin _.. 0 a5 


Fic. 11.—To sHOoW THE MAGNETIC DECLINATION .. ga 220 


EXPLANATION OF PLATES. 


PLATE I. 


This plate is intended to represent Mount Vesuvius as it is at 
present, with the old crater of Somma, which constituted part of the 
dormant volcano before the time of Pliny. The Ideal Section is 
intended to illustrate the internal structure of the mountain—the 
sloping lines showing the beds of ash, lapilli, and lava-flows, 
traversed by vertical dykes of lava; in the centre is the principal 
funnel or throat through which eruptions take place from time to 
time. 


PLATE II. 


This is an Ideal Section through the Earth taken parallel to the 
Equator, in the Northern Hemisphere, intended to show the succes- 
sive envelopes of which the crust and the deeper internal portions 
are composed. The continents of Europe, Asia, and N. America are 
also represented, as well as the intermediate oceans; but, it is almost 
needless to observe, they are not drawn to a true scale. Owing to 
the small size of the figure, it would have been impossible to repre- 
sent them to a natural scale. The figure shows the manner in which 
volcanoes and volcanic isles are connected with the interior envelopes 
of matter. The condition of the centre of the earth is only conjec- 
tural. 


PLATE. III. 


This plate requires very little description, as it speaks for itself. 
The depths of the ocean are represented by different shades of blue; 
the lightest being depths down to 500 feet ; the next, down to 2,000 
feet; the next, down to 5,000 feet; and the deepest shade, still 
greater depths. The steepest gradient occurs immediately to the 
westward of Cape Clear, and the bed of the ocean reaches a depth 
of 15,700 feet at a distance of 400 miles from the land. The curved 
lines (co-tidal lines) represent successive positions of the summit of 
the tidal wave at every successive hour. 
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PLATE IV. 


The blue lines represent the path of the Atlantic Warm Currents, 
and the arrows the direction of flow. The red lines show the posi- 
tion of the Cold Arctic Currents, flowing southwards and ultimately 
disappearing below the warmer and lighter surface currents, including 
the Gulf Stream. 


PLATE. V. 


This is a Chart of the World on Mercator’s Projection, showing 
the position and direction of the two great systems of air currents 
which are constantly circulating round the surface. The arrows 
show the direction of the wind which is necessarily more constant 
over the ocean than over the land. 


PLATE VI. 


The two Maps of the British Isles and adjoining areas are taken 
from the Weather Charts issued daily from the Meteorological Office 
in London. As they are intended merely for illustration of the con- 
nection between the direction of the wind at any time and the 
barometrical pressure, the particular day is immaterial. The curved 
lines on Map 1 show the range of the Isobars from the centre of 
depression at Aberdeen to the highest line of pressure off the coast 
of Spain. The direction of the wind, in Map 2, is indicated by the 
curved lines and the arrows. The conditions are cyclonic. 


PLATE VII. 


In this Climatological Map of the Globe the wavy lines are intended 
to show, approximately, the annual mean temperature of the localities 
crossed by each. It will be observed that the region of highest 
mean temperature (80° Fahr.) lies along the Equator, and the 
successive mean temperatures follow, in descending order, lines 
somewhat parallel to those of Latitude. The most remarkable 
deviation from this parallelism is to be seen in the N. Atlantic 
Ocean, the effect of the Gulf Stream, as described in the text. 


PLATE VIII. 


This Map, taken from one by Professor Hennessy, F.R.S., shows 
the effect of proximity to the sea upon the annual mean temperature 
over the region of the British Isles. It will be observed that the 
lowest mean temperatures are experienced in the interior of these 
islands. 

PLATE IX. 


This Plate is intended to show, by different depths ot colouring, 
the amount of annual rainfall over the area of the British Islands. 
The amount varies considerably in different years. It will be observed 
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that the mountainous districts towardg the west of these Isles receive 
the greatest amount: of rain; é6wing to the prevalence of the S.W. 
winds, which come, charged with moisture, from the Equatorial 
regions, and precipitate the. rain upon the mountain slopes. The 
-smallest rainfall is over the district of East Arfglia. 
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PLATE X. 


In this Map the relative levels of various portions of the British 
Isles are indicated by successive depths of colouring. The course of 
the Tidal waves is also shown on a larger scale than in Plate III. 
It will be observed how the co-tidal lines flow into both the Irish Sea 
and the North Sea from opposite. directions, ultimately meeting in 
these waiers. The position of the summit of the tidal wave, or high- 
water, at each successive hour, is shown by the figures I., II., III., &c. 


PLATE ©Xd. 


This Map of the Glacier of the Allalein illustrates the phenomena | 
of glaciers generally, including the Nevée, where the snow passes 
into glacier ice; the lateral and terminal moraines; the glacier-river 
issuing forth at the foot of the ice; and a glacier-lake—the Matmark 
See—formed by moraine embankments, and receiving from time to 
time blocks of ice, detached from the glacier itself, which float away 
like small ice-bergs. The parallel lines show the veined structure in 
the ice. The Map is copied from the late Prof. J. D. Forbes’ 
Glaciers of the Alps. 


PLATE XII. 


In this plate, copied by permission from Prof. Prestwich’s Geology 
we have a representation of the manner in which icebergs are formed 
in the Greenland Sea. A large glacier, which may be that called 
after Humboldt, is seen descending from the interior of the continent 
and protruding out to sea. Owing to the buoyancy of the ice, large 
masses break off from time to time and float away as bergs. As they 
melt, blocks of rock, which they have carried down from the interior, 
are discharged and fall upen the rocky floor of the Greenland Sea, 
shown by the brown-colored part of the drawing. We must suppose 
that the bed of this arm of the Atlantic is thickly strewn with such 
blocks, together with smaller stones and mud. 


PLATE XIII. 


This Map is intended to show the magnetic variation of the Com- 
pass over the region of the British Isles. At each point crossed by 
the same lines the variation is the same, and is everywhere westerly. 
The Map is drawn for the year 1888; but as the variation is con- 
stantly progressing, though slowly, it will only be correct for a 
limited time. 
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ASTRONOMICAL anp INTRODUCTORY. 


Chat biks tl: 


THE EARTH AS A PLANET IN THE SOLAR 
SYSTEM. 


A.—THE PosITION oF THE EARYH IN THE SOLAR 
SYSTEM. 


HE Earth being a member of the Solar System, it 

is desirable that, before entering upon the dis- 
cussion of terrestrial phenomena, we should devote 
some space to the consideration of its relations to the 
sun and other celestial bodies. The Earth is one of the 
planets, revolving round the sun in an ellipse, in one 
focus of which the sun is situated.* This revolution is 


* According to the First Law discovered by Kepler, 
8 
Cc 
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completed once a year of 365} days, during which time 
the path of the earth varies in distance from the sun ; 
but the mean distance of the earth’s orbit may be taken 
at 92,380,000 miles. 


B.—TuHE Ec.iprtic, oR PLANE OF THE EARTH'S 
ORBIT. 


That the earth performs its revolution round the sun 
in the plane of a closed curve, appears from the fact 
that it returns to its place in the celestial sphere at the 
end of about 3654 days. ‘This curve is a great circle 
lying in a plane which passes through the centre both of 
the earth and of the sun; and, being that in which 
eclipses necessarily occur, has received the name of the 
‘‘ Plane of the Ecliptic.”’ This plane, extended through- 
out the region of the Solar System, is that in or near 
which all the planets, except a considerable proportion 
of the minor ones, perform their revolutions. 


The zone within which the planetary bodies, except 
those now mentioned, perform their revolutions round 
the sun is called ‘‘ the Zodiac,” and it extends to about 
eight degrees on each side of the ecliptic. If we divide 
the ecliptic into twelve equal portions, beginning at the 
vernal equinox, and then draw through each point of 
division a great circle perpendicular to the ecliptic, these 
circles will divide the zodiac into twelve equal parts. 
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These are the twelve signs of the zodiac, and are called 
after the constellations which formerly corresponded 
nearly with them, beginning with Avies and ending with 
Pisces. The “first point of Aries” is that from which 
the longitude (as also the right ascension) of any star or 
heavenly body has always been reckoned. It is the 
point in the heavens of the vernal intersection between 
the celestial equator and the ecliptic; but not being 
absolutely a fixed point in space, it has changed its 
position on the ecliptic backwards into the neighbouring 
constellation of Pisces; for convenience sake, however, 
astronomers still retain the old name. 


C—bHE LArty Ss ROTATION ON: ITS: Axis; 


Besides the motion through space, the earth rotates on 
an axis, the extremities of which are the North and South 
Poles; and it completes one revolution in a day of 
twenty-four hours. The direction of rotation is from 
west to east, giving rise to the daily phenomena of the 
rising and setting of the sun and of other heavenly bodies. 
The greatest velocity of rotation is at the equator, where 
it amounts to a little over a thousand miles an hour. 
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D.—THE EQuaTor. 


RiGgHt ASCENSION AND DECLINATION. 


The Terrestrial Equator is a great circle, whose plane, 
passing through the centre of the earth, is at right angles 
to the earth’s axis of rotation. Hence between the North 
and South Poles and the equator, there is a distance of 
go degrees. The celestial equator is determined by the 
extension of the terrestrial equator into the celestial 
sphere, and the place of a star in the celestial sphere 
may be determined by its right ascension and declination ; 
its right ascension being the angular distance on the 
celestial equator between the first point of Aries, or the 
vernal equinoctial point, and the intersection with. the 
equator of a great circle drawn through the celestial 
object at right angles with the equator; and the declina- 
tion of the object being its angular distance from the 
equator. When once the place of a star has been 
accurately determined and recorded, it becomes a definite 
point of measurement, from which the position of any 
heavenly body (such as a comet for instance) can be de- 
termined. Owing to the great distance of the sun, and 
the still greater distance of the stars, as compared with 
the semi-diameter of the earth, the celestial equator is 
assumed to coincide with a plane passing through the 
place of the observer. 
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E.—INCLINATION OF THE PLANE OF THE ECLIPTIC TO 
THAT OF THE EQUATOR. 


The plane of the ecliptic is inclined to that of the 
equator, at an angle which is called ‘‘the Obliquity of the 
Ecliptic,” and is equal to about 23 degrees 27 minutes. 
The possible limits in the variation of this obliquity, 
calculated originally by Laplace, and afterwards by 
Stockwell, are.as follows :— 


east oer 21 sa 6 30", 
Greatest. 24°, 35 7.55. 


The great importance of this obliquity in relation to 
‘the seasons will be explained in the next chapter. 


F.—-TuHE Pores. PRECESSION AND NUTATION. 
THE POLE STAR. 


The earth’s surface is divided by the terrestrial equator 
into two equal portions, in the centre of each of which is 
situated one of the poles. ‘These two portions are called 
the Northern and Southern Hemispheres respectively, and 
their centres the North and South Poles, which are the 
extremities of the earth’s axis of rotation. This axis 
preserves a nearly constant inclination to the plane of the 
ecliptic, according to well-known mechanical laws ; but 
the axis has a retrograde conical motion, in consequence 
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of which the poles describe small circles on the celestial 
sphere of 23 degrees, 27 minutes angular radius about 
the poles of the ecliptic, completing the revolution in 
about 25,700 years. This causes the retrograde revolution 
on the ecliptic in the same period as that of the points of 
intersection of the ecliptic and celestial equator, or the 
equinoctial points, which movement gives rise to ‘the 
precession (in time) of the equinoxes.” The inclination 
of the axis to the plane of the ecliptic, is, however, 
subject to a slight periodic change, determined by 
Bradley, owing to which the pole describes an ellipse 
about its mean place, the major axis of which subtends 
an angle of 18:45 seconds. The periodic time of 
describing this ellipse is 18°66 years, which, as it 
coincides with that of the revolution of the moon’s 
nodes, is clearly referable to the disturbing influence of 
our satellite. Thzs motion of the poles gives rise to the 
phenomenon of ‘ nutation.’’ * 


The celestial pole is the prolongation of the earth’s 
polar axis into the celestial sphere, just as the celestial 
equator is the extension of the plane of the earth’s 
equator into space; and it might have been supposed 
that amongst all the stars lying in the direction of the 
North Pole, one would be found to coincide with the 
celestial pole itself. This, however, does not happen to 


* For a fuller explanation of these movements, the reader is referred to Ball’s 
Elem. of Astronomy, p. 319, also The Story of the Heavens. 
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be the case; but there is a bright star whose position is 
very close to that of the celestial pole, and which has 
therefore received the name of the Pole Star. This star 
is a of the constellation Ursa Minor, and is very nearly 
in a line with a and B of Ursa Major, which have con- 
sequently received the name of ‘the Pointers.” The 
angular distance of the Pole Star from the pole is about 
14 degrees. 


The star Polaris («a of Ursa Minor) will be useful as.a 
pole star for a long time to come, but in consequence of 
the above mentioned motion of the earth’s axis, which 
causes the ‘‘ precession of the equinoxes,”’ the North Pole 
will have moved in about 12,000 years to the extent of 
47 degrees away from that star. 


The determination of the point in the celestial sphere 
which coincides with the Pole is important for finding 
the polar distance of a body and determination of 
latitude.* 


G.—TuHE ATMOSPHERE. 
The earth is completely enveloped by an invisible 
medium called the Atmosphere. To whatever height we 


ascend upon mountains, the air is still found to be present. 


* The position of the celestial } ole in reference to the star Polaris is shown in 
Proctor’s New Star Atlas, plate L 
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We feel certain that there is a limit to this atmosphere, 
but the height to which it extends into space is far 
beyond that to which we can attain, though we can ascer- 
tain its amount with some degree of approximation. 
That it has weight (or pressure) can be shown by means 
of the barometer, as the column of mercury steadily falls 
as we carry the instrument from the plains up the moun- 
tain sides; an experiment first performed by Blaise 
Pascal about the middle of the seventeenth century, on 
the Puy de Déme, in central France. This atmosphere 
is composed of oxygen and nitrogen, in the proportions, 
by volume, of 20°81 of the former to 79'19 of the latter,* 
and is necessary to combustion, and to the support of 
plant and animal life. 


* By weight the proportions are 23 oxygen and 77 nitrogen. 


CHAPTER’ Il. 


THE EARTH AS A PLANET (Continvep.) 


XN 


A.—THE SEASONS. EXPLANATION OF THE CHANGES 
THEREIN. 


We know from experience that the periods of summer 
and winter alternate in the northern and southern hemi- 
spheres; thus the summer season in Australia corres- 
ponds with that of winter in the British Isles and Europe. 
Another observation with which we are also familiar is 
the apparent change in the meridian altitude of the sun 
as regards our place on the earth’s surface at different 
times in the year. Thus, in mid-winter (about the 21st 
December) in each year, the sun only rises to a very 
small extent (about 15 degrees near London), and for a 
short period, above the horizon, and we have short days 
in the British Isles; on the other hand, in mid-summer 
(about the 21st June), the sun reaches its highest ele- 
vation above the horizon (about 62 degrees near London), 
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and we enjoy a long day and correspondingly short 
night. In higher latitudes the effects of these recurrent 
changes in the altitude of the sun are intensified ; and 
within the Arctic circle (latitude 66° 33’ N.) during 
the periods of the sun’s extreme elevation and de- 
pression, continual day and night is maintained for 
shorter or longer periods, according to the proximity to 
the Pole. Only those amongst us, who, like the Arctic 
Navigators of Captain Nares’ expedition, and others 
before them, have passed a winter within a few degrees 
of the Pole, can have any conception of the solitude 
and rigour of this prolonged night. 


The changes of the seasons may be thus explained: 
Let us suppose, for a moment, that the plane of the 
ecliptic were coincident with that of the equator; the result 
would be that the light and heat derived from the sun 
would fall directly on the equator and the narrow zone 
lying on either side of it; while the now temperate 
regions would receive the slanting rays of the sun, and 
those lying within the Arctic and Antarctic circles 
would receive only a minimum of light and heat. At the 
poles the sun would appear always on the horizon. Under 
such conditions we should have a maximum of heat and 
of cold at the equator and at the poles respectively, and 
there would be no change of seasons all over the globe. 
Such a distribution of heat and cold would have rendered 
the surface of our globe, if not uninhabitable, certainly 
far less conducive to the development of plant and 
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animal life than is at present the case under the existing 
beneficent condition of recurrent seasons. These con- 
ditions are due to the obliquity of the plane of the equa- 
tor to that of the ecliptic; owing to which the sun, in its 
apparent annual journey round the ecliptic, is alternately 
for half the year north of, and for the other half 
south of, the equator; imparting more and less, respec- 
tively, than the average amount of heat to our northern 
hemisphere; and, correspondingly so, with the southern 
hemisphere. The real motion is, of course, that of the 
earth itself round the sun, while the earth’s axis of rotation 
remains sensibly parallel to itself. 


As the result of these physical conditions, the heat of 
the sun during the alternate half-years is distributed over 
a much wider area of the globe’s surface than would have 
been the case under the conditions first supposed ; while 
the mean temperatures of all parts of the earth are 
rendered more equable, and better suited to afford favour- 
able conditions of development to the races of animals 
and varieties of plants which inhabit it. 


This alternation of the seasons will be rendered more 
clear by referring to the following figure :— 
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FIG. I1.—DIAGRAM TO SHOW THE SEASONS IN THE NORTHERN 
HEMISPHERE. 


The Earth is shown in four different parts of its orbit, in which 
the axis of rotation is seen to retain a position parallel to itself 
The portions of the earth receiving the direct rays of the sun at the 
different periods are left unshaded. 


The Earth as a Planet, 37 


B.—TuHeE Tropics oF CANCER AND CAPRICORN. THE 
ZONES ON THE EARTH’S SURFACE DEPENDENT 
oN ASTRONOMICAL CONDITIONS. 


The tract on the earth’s surface, every part of which 
lies directly under the sun’s rays during some part of 
the year, is bounded by the tropics of Cancer, lying 
to the north of the equator, and of Capricorn to the 
south of it. Two parallels of latitude, each about 23 
degrees 27 minutes distant from the equator, mark the 
limits of the sun’s excursions in declination both north 
and south. Every part of this broad belt is subject, at 
some time during the year, to the vertical rays of the 
sun, and is called the Torrid Zone. Between the tropics 
and the Arctic and Antarctic circles are included the 
broader belts over which the sun’s rays are always more 
or less slanting; these are called the North Temperate 
and South Temperate Zones; and beyond lie the Arctic 
and Antarctic regions on which the suns rays fall almost 
tangentially, and from which, during a portion of the year, 
they are absolutely excluded. It will thus be seen that 
these great zones into which the earth’s surface has 
been divided are by no means arbitrary, but depend 
for their limits upon definite -relations between the 
planes of the equator and that of the ecliptic. As a 
necessary consequence of the difference in the amount 
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of the sun’s heat distributed over these zones, 
the animal and plant life undergoes a marked variation 
in passing from one zone to the other; although, 
through the agency of man, these variations have been 
reduced in extent as compared with those which would 
have prevailed had natural causes been allowed to hold 
uncontrolled sway. 


CHAPTER III. 


LATITUDE AND LONGITUDE. 
-A.—DEFINITION. 


The position of any point on the earth’s surface may 
be determined by the intersection of two imaginary lines, 
those of latitude and longitude. For a ship at sea this 
may be the only means of identifying its place on a map, 
as all land objects may be out of sight; but even for 
places on land the same method of determination is 
highly advantageous, as the determination of the latitude 
and longitude of any place provides an universal stand- 
ard of reference, independent of local changes, or of 
possibly conflicting names as points of reference. 


B.—MopDE OF DETERMINING LATITUDE BY OBSERVATION 
OF THE POLE STAR. 


The latitude of a place is the angular distance from 
the equator, measured on a great circle passing through 


40 Physwgraphy. 


that place at right angles to the equator, and it can be 
determined either by observations of the sun’s altitude 
by day or that of the Pole Star by night,* taken by an 
astronomical instrument, such as the sextant. By the 


Fic. 2,.—DIAGRAM TO SHOW HOW THE LATI- 
TUDE OF A PLACE IS ASCERTAINED BY 
OBSERVATION OF THE POLE STAR. 


following geo- 
metrical prob- 
lem it can be 
shown that 
the altitude of 
the pole above 
the horizon is 
equal to the 
latitude of the 
place (Fig.2t). 
Let. oc: “réepre= 
sent the cen- 
tre ofthe earth. 
Through; 
draw a line, 
C P, pointing 
to the pole of 


the heavens. This line cuts the surface of the earth at the 


Northand South Poles, respectively. Through the centre of — 


the earth drawa plane, c H, perpendicular to the axis. This 
plane, as already mentioned, cuts the surface of the earth 


* See ante, p. 31. 


+ Fig. taken by permission from Ball’s Text Book of Astronomy, p.98. 


- 
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in a great circle—the equator. Let R be the place of the 
observer, then the line R c, drawn to the centre, will make 
with c H an angle, which is that of the latitude. Owing 
to the distance in the celestial sphere of the Pole, a line, 
H RQ, drawn parallel to c p will be the direction in which 
the observer will see the Pole. Let rR a be the tangent 
plane at R, thenaRcisaright angle,andQgRA+HRC 
are together equal toa right angle. From this it follows 
that Q RA=RCH; in other words the angle of altitude 
of the Pole is equal to that of the latitude of the place of 
observation; whence it is evident that the altitude of the 
equator where it crosses the meridian is equal to the co- 
latitude of the place of observation. 


C.—MoDE OF DETERMINING LATITUDE BY OBSERVATION 


OF THE SUN. 


In the case where the latitude is determined by obser- 
vation of the sun’s meridian altitude, we get more im- 
mediately the co-latitude of the place of the observer, 
and thence the latitude, allowing of course for the sun’s 
declination, which is given for each day of the year in 
the Nautical Almanack.* 


* Issued from the Royal Observatory at Greenwich; and which will also be found 
in that very useful Annual, Whitaker's Almanack. 


D 
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Suppose the 
sun to be directly 
over the earth’s 
equator, as it is 
at the equinoxes. 
Then let R be the 
place of the ob- 
server, H_ the 
plane of the hori- 
zon, E the equa- 
tor, and c centre 
of ‘the —~ earths 
Then the angle 
N R.C_ equals 


Fic. 3.—DIAGRAM TO SHOW HOW THE 
LATITUDE oF A PLACE IS ASCERTAINED 90 degrees, and 
BY OBSERVATION OF THE SuN’s MERI- S R N, the meri- 


DIAN ALTITUDE. dian altitude of 


the sun, is the 
complement of Q Rc, and therefore is equal to Rc Q, 
the co-latitude, then go°-sRwN equals the latitude. 
At other times than the equinoxes allowance for the sun’s 
declination is required, according as the sun is north or 
south of the equator. Then lat. = go°—a + D in the 
former case, and lat. g0°-A-—p in the latter case, 
where A is the sun’s meridian altitude, and p its 
declination. 


A star may be used as well as the sun, in a precisely 
similar manner, for the determination of latitude; its 
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meridian altitude (A) being obtained by observation, 
and ts declination (bp) taken from the Nautical 
Almanack, or other source of information. Of course 
allowance has to be made for refraction, etc. 


The latitude can be obtained by less simple methods 
without having to depend on the visibility of the sun or 
star when at its meridian altitude. 


D.—MoDE OF DETERMINING LONGITUDE. 


The Longitude of any place is the arc on the equator, 
or any parallel circle, intercepted between the meridian 
passing through the place, and any fixed meridian recog- 
nised as a point of departure. In the case of the British 
Isles, the meridian of Greenwich Observatory is the 
recognised point of departure, and longitudes are 
reckoned to 180 degrees eastward or westward of 
Greenwich. The determination of longitude can be 
easily made at any station within telegraphic communi- 
cation of an observatory. As the telegraphic signal is 
practically instantaneous, it can be ascertained what is 
the intervening period, measured in mean solar time, 
between the transits of the mean sun across the meridians 
of the two places, or between such transits of a star 
measured in sidereal time. This gives the difference 
between the mean solar, or the sidereal, time of the place 
-and of the observatory. The difference of longitude 


44 Physiography. 


will then be reckoned at the rate of fifteen degrees per 
mean solar or sidereal hour, respectively; this amount 
being obtained by dividing the number of degrees in the 
circle, namely 360, by 24, the number of solar or sidereal 
hours in a solar or sidereal day. 


When the place is not within telegraphic communi- 
cation, as is the case at sea, the longitude may be deter- 
mined by observations of the sun by day, or of the moon 
by night. In the former case the process is as follows : 
Suppose we Sail from the London Docks on board a ship 
bound for some port in the American continent. Previous 
to starting the ship’s chronometers are accurately set to 
Greenwich time, they having been carefully regulated; or, 
rather, their rates noted for the purpose of correction. 
At some spot on the Atlantic, and the sun being visible, 
the captain is desirous of determining his position of 
longitude west of Greenwich. For this purpose he takes 
two equal altitudes of the sun, one a little before, the 
other a little after, noon, noting the time shown by the 
chronometers at each ;* then, the instant of mean noon 
is that half way between, after allowance has been made 
for the sun’s change of declination in the interval 
between the two observations, and for the equation of 
time. 


For this method of obtaining local time, knowledge of 
the latitude of the place is not necessary ; but if this be 


* This may require repeated observations instead of two, for greater accuracy. 
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known, the sun’s declination at the time of observation 
being known from the Nautical Almanack, the local time 
can be obtained by taking a single altitude of the sun. 


The determination of longitude may be effected also 
by the method of lunar distances, without having to 
depend on chronometers for Greenwich time. In this 
case, Greenwich time is ascertained by taking the angular 
distance between the moon, as seen from the centre of 
the earth, and some fixed star which lies along its path, 
or the sun, and finding from the Nautical Almanack at 
what instant of Greenwich time the moon and the star, or 
sun, should be at that distance apart.* The distance 
between the moon and various suitable celestial objects, 
including the sun, is given by that almanack for every 
three hours throughout the year,+ and the Greenwich 
time of the distance in question can be easily obtained by 
proportion, and compared with the local time of the 
observation. 


a 


* The true distance as seen from the centre of the earth is obtained by clearing 
the observed distance from parallax and refraction. 

+ Except for the few days in each month when the moon is too close to the sun 
to be visible. 


CHAPTER IV. 


THE. MOON. 


A.—Its NaturRE, Form, AND DISTANCE FROM THE 
EARTH. 


The moon is, in all probability, a prolate ellipsoidal 
mass, whose longer diameter is directed towards the earth, 
and is composed of materials similar to, if not identical 
with, those of which our globe was originally formed. 
At an immeasurably distant period the moon was, doubt- 
less, thrown off from the mass of the globe itself, ultimately 
to revolve round the earth in an orbit which has been 
slowly enlarging ever since, and will continue to do so 
fora long time. The present mean distance of the moon 
from the earth is about 60 times the earth’s equatorial 
radius, or 237,770 miles; but, as the orbit is far from 
being circular, the distance fluctuates between 56 and 
64 times the equatorial radius.* The moon may be said 


* It will enable the reader to form some conception of the enormous magnitude 
of the sun’s circumference, when it is stated that if the earth’s centre occupied a 
position coincident with the centre of the sun, the orbit of the moon, even at its 
greatest distance, would be contained within the volume of the sun itself.— Ball, 
loc. cit. p. 228. 
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to describe a great circle in the celestial sphere round 
the earth in a period of about 27.3 days, the plane of 
which circle is inclined at an angle of 5° g’ to that of 
the ecliptic, and revolves retrogressively, so that its 
nodes complete the circuit of the ecliptic in 18.66 years, 
as referred to already. The evident consequence of this 
is that the inclination of the plane of the moon’s orbit 
to that of the equator varies between 23° 27'’-5° 9’, 
gi 23° 27+ 5° 9, or between 28° 18’ and 28° 36° 
(23° 27° being the inclination of the ecliptic to the 
equator.) 


B.—PErRIopic TIME OF THE Moon’s RotraTION. 


The period of the moon’s rotation on its axis exactly 
coincides with that of its revolution round the earth, in 
consequence of which only one face of the moon is 
displayed to the inhabitants of this world; and we can 
only conjecture that the opposite face must be, on the 
whole, similar to that which is visible. In consequence 
of this coincidence, it is sometimes difficult for a person 
to realise that the moon rotates at all. Buta simple 
mode of illustration is at hand; for, if a person places a 
ball, or other object, in the centre of a round table, and 
then walks round the table whilst keeping his face con- 
stantly turned towards the object, he will have performed 
a complete revolution and rotation simultaneously on 


regaining his starting point. 
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C.—NATURE OF THE MOOoN’Ss SURFACE. 


Owing to the absence of any appearance of cloud and 
twilight over the moon’s surface, even when seen by the 
aid of the most powerful telescopes, it is surmised that 
there is an entire absence of those elements which sup- 
port life and verdure on this world of ours: namely, 
water and atmosphere. If either does exist, the water 
must be in very small quantity, and the atmosphere in a 
condition of extreme tenuity. Seen through the telescope 
the surface of the moon suggests the impression of a 
rigid mass over which are distributed large numbers of 
extinct volcanic craters, some of vast dimensions and 
profound depth, exceeding, perhaps, those anywhere 
existing on the surface of our globe.* Generally, the 
circular rims of the craters, which stand out in bright 
light from the surface a little after sunrise, surround a 
dark interior tract, from the centre of which a conical hill 
projects, somewhat as the central cone of Vesuvius 
emerges from a rugged plain of lava bounded by the 
walls of the more ancient crater of Somma. These 
appearances are repeated over a very large portion of 
the face of the moon. There are no appearances which 
indicate the presence of extensive lakes or seas, or of 


* Except, perhaps, those submerged under the waters of the Pacific Ocean on 
which are supposed to be built the coral structures known as “ atolls.” 
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large rivers; consequently, the results of aqueous erosion, 
or ‘‘ denudation,” have no representation on the moon’s 
surface; and a prolonged survey of a portion of the disc 
through a telescope of the largest dimensions tends to 
leave the impression that we are gazing on a celestial 
body from which all life and all motion is absent: a 
body, once the scene of volcanic operations on a stupen- 
dous scale, but which has crystallized into a rigid mass 
of once molten matter, from which, even the energy of 
vulcanicity has long since disappeared.* 


The volcanic districts of Mont Dor and Auvergne 
present an appearance having, perhaps, the nearest 
resemblance to the surface of the moon to which we can 
point on our globe; but this resemblance is only partial, 
inasmuch as the features of this part of Central 
France have been largely modified by the action of rain 
and rivers, which appear to be absent from the moon’s 
surface, as we have already observed. 


D.—ECcLIPSES OF THE Moon. 


Eclipses of the moon are caused by the intervention 
of the earth between the moon and the sun, and the 


* The author had, some years ago, the opportunity, through the courtesy of 
the constructor, Sir Howard Grubb, of seeing a portion of the moon’s disc through 
the great Vienna refracting telescope in Dublin, before it was despatched to its 
destination. The appearance of the surface was like that of a plaster cast. 
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passing of the moon through the shadow of the earth: 
they may be either partial or total. This latter phenom- 
enon takes place when the centres of the three celestial 
orbs are in a direct line, or nearly so; and, like other 
eclipses of given magnitudes, is recurrent at intervals of 
18 years and 11 days. 


In a total eclipse, however, notwithstanding that the 
shadow of the earth is thrown over the whole of the 
moon’s face during the period of greatest obscuration, 
the moon itself is still visible, and is seen illuminated 
by a dull reddish light. This light is due to the refrac- 
tion of the sun’s rays, which, in passing through the 
earth’s atmosphere, are deflected into the earth’s shadow 
and thrown over the moon’s disc. This appearance of 
the moon during the recent eclipse on the night of the 
28th January, 1888, will not soon be forgotten by those 
who witnessed it. 


E.—DENSITY OF THE MOON AS COMPARED WITH THAT 
OF THE EARTH. 


Though there was, doubtless, an original physical 
connection between the moon and the earth, the density 
of the moon is less than that of the earth, the proportions 
being as follows :— 


eens © SG 


The Moon. 51 
Peusny or thecarth..- . |. §*5 or 5°6 
BS me OUSI ge oN se. SET 


This latter, as Dr. Haughton observes, is the density of 
basalt,* a rock which, very probably, largely enters into 
the composition of the moon’s mass, being (in its several 
varieties) an abundant product of volcanic action on the 
earth. 


From the character of the moon’s surface, we are in 
fact warranted in assuming that the mass of our satellite 
is composed of such rocks as are formed by volcanic and 
plutonic action on the earth’s surface. Such rocks are 
crystalline aggregates of felspar, pyroxene or hornblende, 
quartz, and iron in the condition of magnetite. Owing 
to the inferred absence of water, all those varieties of 
strata which are formed by deposition under water must 
be considered as absent in the moon, together with all 
‘organized animal or vegetable remains. 


* Lectures on Physical Geography. p. 4 (1880). 
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TERRESTRIAL PHYSICS AND 
DYNAMICS. 


CHAPTER I. 


THE EARTH. 
A.—ForM OF THE EARTH. 


IR Isaac Newton first showed that the form of the 
earth must be that of an ellipsoid of revolution, by 
calculations based on his newly-established doctrine of 
gravitation.* He also determined the ratio of the axis 
of the earth, on the assumption that the earth is a homo- 
genous fluid mass, rotating with its actual angular 
velocity. This determination was afterwards verified by 
Maclaurin.| That the earth was originally in the 
condition of a viscous or fluid mass owing to a high 


* Principia (1687); Propositions 18, 19 and 20. 


+ Colone! Clarke’s Geodesy. It is now known that the earth is not a homogenous 
mass, being denser in the central parts. 


The Earth. 5S 


temperature, is a view almost universally admitted, and 
one which enables us to understand its form and struc- 
ture. This view is not restricted to the earth and its 
satellite, but has been extended by Laplace to embrace 
all the bodies of the solar system, on grounds founded 
on the revolutions of these bodies round the sun in 
nearly the same plane, and also round their axes in the 
same direction.* As determined by Airy, the earth’s 
polar diameter is 7,899°17 miles; its equatorial, 7,925°65 
miles; the latter exceeding the former by nearly 264 
miles, so that the earth has a protuberance over 13 
miles thick all round the equator, gradually diminishing 
to zero at the poles.+ 


B.—STRUCTURE OF THE EARTH. THE CRUST AND 
INTERIOR PORTION. 


The exterior solid crust of the earth is composed of a 
great variety of materials, to which the general name of 
‘rock’ is applied, and which includes granite, porphyry, 
and various igneous masses, together with those which 
have been formed by deposition under water, such as slate, 
sandstone, limestone; and intermediate varieties, called 
‘* metamorphic” rocks, which include various gneisses, 
schists, quartzites, and crystalline marbles. These 


* Systeme du Monde (1835). 
+ Newton’s determination gave the difference between the two diameters as 
229 to 230, or 34 miles instead of 264. 
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various rocks are distributed under various forms, and 
under ever varying relations to one another, which it is 
the province of the geologist to investigate and explain ;* 
and, although the nature of the basement floor of the 
rocks which appears at the surface is unknown, it may be 
inferred that it consists either of granite, or some similar 
crystalline rock of comparatively low specific gravity, 
resting upon a couche (or envelope) of denser molten 
matter, which reaches the surface from time to time 
through fissures in the superincumbent masses, and gives 
origin to various volcanic and igneous crystalline rocks. 
As a recent writer has well expressed it, we may feel 
almost certain that the earth was once wholly melted, and 
that it consists at present of concentric spheroidal shells 
(couches), each of equal density throughout, and of 
definite form ; such form having been determined by the 
velocity of rotation and law of density, coupled with the 
law of mutual attraction of all the mass.+ 


C.—INTERNAL TENSION BELOW THE CRUST. 


The crust thus formed and constituted has been con- 
stantly undergoing contraction, owing to the radiation of 
internal heat into space. This cooling process must 
have been more rapid at an early period of the earth’s 


* In the construction of geological maps, these various formations and varieties 
of rock are individually traced out and represented, in more or less detail by 
differences in the colours and signs used. : 


Rev. O. Fisher’s Physics of the Earth, p. 18, 


“PEATE 1, 


IDEAL SECTION THROUGH THE EARTH, TO SHOW 
CONJECTURAL STRUCTURE OF THE CRUST AND THE 
7 RELATION OF LAND AND WATER. 


CW. Deacon & C° London 
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history than in more recent geological times. At present 
itis very slow; yet, that a higher surface temperature 
obtained even in late Tertiary periods is apparently mani- 
fest in the changes which have taken place in the 
distribution of land and water within those periods. 
How these changes have resulted from the secular 
cooling it is not difficult to explain. As the cooling 
proceeds, the crust tends to contract upon its internal 
molten envelope, thus setting up a tangential thrust of so 
powerful a nature as to cause the internal molten matter 
to be extruded through fissures in the solid crust. After 
the crust had become sufficiently thick and rigid, the 
subsequent contraction of the cooling interior would 
leave the crust too large for support, and thus it would 
be subjected to horizontal thrust, ultimately causing 
tension of the deep-seated crust. Such movements-have 
apparently only taken place at long intervals, and over 
special areas, and may be considered as natural methods 
of restoring equilibrium when the tangential forces due 
to contraction have become too powerful for those of 
friction and gravity.* 


*C. Davison and C. H. Darwin, Phil. Trans. R.S., Vol. 178, p. 241.—Mr. C. 
Davison, starting with the results arrived at by Sir William Thomson, on the 
secular cooling of the earth (Trans. Roy. Soc., Edinburgh, Vol. 23), arrives at the 
conclusion that the folding by lateral pressure can only take place to a certain 
depth below the surface of the earth; at this depth folding vanishes ; and passing 
downwards, folding gives place to stretching by lateral tension. This stretching 
he maintains, has been accompanied by cooling of the masses stretched. Mr. 
Davison also draws the conclusion that folding by lateral pressure was effected 
most rapidly in the early epochs of the earth’s history, and since then, the total 
amount of rock folded in any given time decreases nearly in proportion as the 
square root of time increases. Professor Darwin in an appendix to Mr. Davison’s 
memoir, gives a general support to these views, and states that they are eminently 
in accordance with observation. 
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D.—EFFECT OF THE CONTRACTION OF THE EARTH 


ON VELOCITY OF ROTATION. 


It is easy to show that the contraction of the body of 


NH 


Fic. 4.— DIAGRAM TO SHOW THE ACCELERATION 
OF THE EARTH’S VELOCITY CONSEQUENT 
UPON ITS CONTRACTION. 


the earth must 
tend to accel- 
erate the ve- 
locity of rota- 
tion. Letthe 
adjoining fig- 
ure (Fig. 4) 
represent a 
section of the 
earth, and c be 
the centre, or 
position ofaxis 
of rotation. 
Then if we 
describe a se- 
ries of con- 
centric rings 


round the axis, the linear rate of rotation will be propor- 
tional to the radii c a, c a', c a", and the outer ring a’ b' 
will move faster than a’ b,’ and this fasterthana b. As 
each successive ring rotates with decreasing velocity as 
we descend inwards, if the ring a" b" be moved to a’ BU’, 
and a’b’ to a b during contraction, each will carry with it 
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the velocity due to its original distance from the centre, 
and thus cause acceleration of the whole mass. We 
shall see in a future chapter how this acceleration is 
counteracted by the tides. 


E.—MEAN DENSITY OF THE GLOBE. 


Experiments made on Schiehallion in Scotland, by 
Maskelyne; on Mount Cenis in the Alps, by Arago; as 
also by Baily, Cornu, and Baille, all go to prove that 
the mean density of the globe, as compared with pure 
water, is about 5.5. In the case of Airy’s experiments 
at Harton Colliery, it was found that the second’s pen- 
dulum at the surface gained 2°25 seconds daily on being 
transferred to the bottom of a pit 1,260 feet deep. The 
ratio of the forces of gravity at the surface and at the 
bottom of the pit is found by the following formula :— 


7 ae 86,400 ( —1). 


The increase of gravity expressed as a fraction of the 
whole amount is ;545,th, and gives a result of 6°56.* 


The mean density of the earth, as determined by ex- 
periment, is only about twice as great as that of the 


* Phil. Trans, R.S. (1856). Airy’s results are in excess of those of other observers, 
and were founded on the rather uncertain assumption, viz.: that of the mean 
density of the upper part of the body of the earth. The Cavendish experiment is 
doubtless the most reliable. By this Baily arrived at 5°66 after great labour 
and care. Cornu and Baille arrived at a result of 5°56, working in the light 
of Baily’s experiments. 


E 
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rocks of which the outer crust is composed; but, owing 
to the force of gravity, and the resulting pressure, the 
mean density of the globe formed of such materials 
ought to be enormously greater than is found to be the 
case. Thus, water at the surface ought to be as heavy as 
mercury at a depth of about 362 miles, or 13°6 times heavier; 
and ordinary rocks, such as granite, slate, sandstone or 
limestone, and basalt ought to have a density, at a similar 
depth, of 25 to 30 times that of the surface. From this 
it is clear that some agent must come into operation 
tending to counteract the effects of pressure; this agent 
is, doubtless, heat.* 


F.—Deptu or MoLttEN MATTER BELOW THE 
SURFACE. 


The phenomena connected with the outflow of molten 
lava from volcanic vents, or from fissures of eruption, 
as well as the existence of intrusive crystalline rocks 
amongst sedimentary strata, all tend to show that, at 
some depth below the surface, the solid crust is under- 
lain by masses of molten matter, perhaps arranged in 
successive shells or couches, according to their relative 
densities. At the same time it must be recollected that 
the melting point of all bodies is raised by pressure,+ so 


* See ante p. 54. 
+ As Hopkins has shown by experiment in the case of several substances, 
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that as the pressure increases with the depth as well as 
the temperature, the question arises, at what depth will 
the rocks of the crust exist in a molten condition? The 
question is more easily asked than answered; for in the 
language of a recent writer, ‘‘ in the chase of the increas- 
ing heat after the flying fusing point, where the former 
would overtake the latter, or whether it would overtake 
it at all, science is yet unable to answer.’’* It may, how- 
ever, be urged in reply, that the heat has overtaken the 
fusing point, as.the occurrence of molten lava in all 
periods seems conclusively to indicate. 


G.—INTERNAL TEMPERATURE OF THE EARTH. 


That the temperature of the crust increases with the 
depth is a proposition which is supported by observations 
on deep seated springs, on volcanic eruptions, and ex- 
periments in mines and deep borings. Numerous 
observations have been made in recent times with the 
view of determining the rate of this increase of temper- 
ature; and the Committee appointed by the British 
Association for collecting information on this subject 
has presented nineteen Reports down to the year 1887, 
all tending to confirm the general conclusion as regards 
an actual increase, but showing varying results as regards 


* Le Conte, Elements of Geology, p. 80 (Edition 1887.) 
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the rate of that increase. Professor Prestwich, who has 
analysed these returns, arrives at the conclusion that 
the mean rate of increase of temperature is as high as 
one degree Fahr. for every 47°5 feet in depth.* In the 
case of the observations taken at Rose Bridge Colliery, 
and extending down to a depth of 2,424 feet in horizontal 
strata, the rate of increase was found to be one degree 
of Fahr. for every 54°4 feet of depth.+ 


It is obvious that in estimating the rate of increase of 
temperature in any deep shaft or boring some invariable 
standard of departure must be used for each locality ; 
inasmuch as the temperature of the surface varies 
considerably with the season of the year and other 
conditions. Such a standard is furnished by Humboldt’s 
‘‘Invariable Stratum.” It will be evident that during 
the year there will be an alternating descent of heat from, 
and ascent to, the surface during the summer and 
winter months; the result of which is that, a point 
or stratum is reached at which the temperature is con- 
stant all the year round, and is nearly that of the mean 
annual temperature of the place. The depth of this 
stratum varies with the latitude, the conducting power 
of the rock, and the amount of difference of temperature 
of the hottest and coldest seasons. 


* Proc. Roy. Soc., Feb., 1885. 


+ The observations taken at this Colliery in 1869, appear to give normal results 
and will be found in I'he Coal-fields of Great Britain, 4th Edit. p. 488. 
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H.—TeMPERATURE OF THE ‘‘ INVARIABLE STRATUM.” 


It is a matter of general observation that, at some 
little distance below the surface, the temperature of the 
ground, if protected from the outer air, is not subjected 
to the extreme variations of the seasons. Cassini found 
that the temperature of a thermometer inserted in sand 
and placed in the cellars below the Observatory of Paris, 
remained constant all the year round. At Greenwich, 
where the mean annual temperature is about 50 degrees 
Fahr., it was found (in 1858) that, in the case of the 
deepest of several underground thermometers placed 25 tt. 
from the surface, the extreme variations were 48°85 
degrees to 52°27 degrees, giving a mean of 50°56 degrees ; 
a result differing by only about half a degree from the 
annual mean temperature. At a few feet deeper, or 40 
to 50 feet, a constant temperature would have been 
attained. 


Taking the case of the central parts of England, it 
may be assumed that the temperature of the ‘In- 
variable Stratum’’ may be taken at 50 degrees Fahr., 
and the depth 50 feet. This rule is easily recollected, 
and is sufficiently accurate for ordinary purposes of 
comparison. 


CHAPTER TIE. 


VOLCANOES. 


A.—NATURE OF VOLCANIC ACTION. 


As in some measure connected with the question of 
internal temperature, the subject of vulcanicity demands 
attention in this place. Volcanic eruptions with their 
attendant earthquake shocks have always been amongst 
the most terrific and destructive of natural phenomena. 
We have only to mention the first recorded eruption of 
Vesuvius, A.D. 79, so graphically described by the 
younger Pliny, by which the flourishing towns of Hercu- 
lanzeum and Pompeii were overwhelmed, as an example 
of the destructive effects of volcanic eruptions; and 
the great earthquake of Lisbon, A.D. 1755, by which a 
large portion of that city was devastated, as an example 
of similar effects from earthquake waves. Described in 
most general terms, a volcano consists of a fissure, or 
funnel, passing upwards through the crust to the 
surface, and generally terminating in a conical hill, with 
a cup or ‘‘crater”’ immediately over the funnel, through 
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which, when in a state of activity, molten lava, together 
with ashes, lapilli, and blocks of rock are extruded, or 
blown out through the action of the elastic force of gas 
and steam. Strabo recognised the connection between 
voleanic and earthquake phenomena, and considered 
volcanoes as safety-valves against destructive explosions 
of pent-up steam. 


B.—Vo.tcanic ACTION OF GEOLOGICAL TIMES. 


From the earliest geological periods down to the present 
day, volcanic eruptions appear to have taken place from 
time to time, as shown by the presence of sheets of lava 
and of ashes or tuff amongst the stratified formations. 
Not to go back very far, we find that the close of the 
Cretaceous period in the Indian Peninsula, was re- 
markable for the extensive outpourings of volcanic lavas 
which now go to form the extensive table-land of the 
Deccan to the south of the Indo-Gangetic plain, and 
cover an area of Httle less than 200,oco square miles; 
originally much larger.* In Tertiary times, vast erup- 
tions of lava have taken place in Syria, Greece, Italy, 
Central France, the British Isles, and the western parts 
of the North American Continent. In the case of vol- 
canoes of the Geological periods, only the ‘‘ necks” or 
lava-filled funnels and fissures of eruption remain in the 


* Medlicott and Blanford, Geclogy of India, part I., pp. 300 and 331. 
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form of isolated masses of trap penetrating the rocks, the 
craters and cones of eruption having been swept away by 
denudingagencies. Butin many districts, suchas those of 
Auvergne in Central France,* and the region of the Jaulan 
east of the Jordan, where volcanic action has long since 
ceased, the cones and craters still remain in excellent 
preservation. 


C.—STRUCTURE OF A VOLCANIC MOUNTAIN. 


As a volcano originates in some fracture or fissure in 
the crust, when an explosion of gas and steam takes 
place, masses of fragmental matter, consisting either of 
lava or of rock torn from the sides of the fissure, are 
hurled into the air, and falling around the vent arrange 
themselves in the form of a cone with sloping sides, 
and containing in the centre a cup-shaped hollow called 
a ‘crater.’’ Hence, in the greater number of cases, vol- 
canic mountains assume the form of a truncated cone 
when viewed from some distance.+ In afew cases, how- 
ever, where viscous matter has been extruded through a 
fissure, the form of a dome is the result; of which we 
have examples in the Puy de Déme and the Grand 


* Scrope, Extinct Volcanoes of Central France, (1858). 


+ Outlines of various Volcanoes will be found in Prof. Judd’s work on Volca- 
noes, what they ave and what they teach, p. 178 (1881). See also Phillips: 
Vesuvius. (1869) plate II, p. 176. 
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Sarcoui in central France, and the Mamelon Cone in 
the Isle of Bourbon. Along with the fragmental ma- 
terials may be intermixed sheets of solidified lava, which 
have been extruded from the vent, or some secondary 
orifice, and have poured down the sides when liquid; and 
these again may be penetrated in various directions by 
dykes of lava, which have been injected through fissures. 
It often happens, that upon the formation of a volcanic 
cone of loose fragmental matter, the crater afterwards be- 
comes filled with heavy molten lava, and upon the walls 
of the crater becoming too weak to sustain the resulting 
pressure they give way, and the lava flows forth down 
the sides and inundates the plains below, often for long 
distances. Numerous examples of these ruptured craters 
and of their escaped lava streams may be observed in the 
Auvergne region of Central France, as well as in the 
Hauran, and are amongst the most striking features of 
both of these regions of former volcanic action.* 


D.—DIsTRIBUTION OF VOLCANIC MOUNTAINS. 


It was observed originally by Arago, that nearly all 
the volcanic mountains of the globe are situated in close 
proximity to the ocean, or to some large inland sheet of 


* See Schumacher’s map of the Haurdn and Jaulan in the Quarterly Statement 
of the Palestine Exploration Fund, January, 1888, 


66 Physiography. 


water.* This is sufficiently clear in the case of the 
Italian volcanoes, of the volcanic islands of the Pacific, 
the Indian and the Atlantic Oceans, together with those 
of the adjoining continents of Asia and America. 


In some regions, such as those bordering the Caspian, 
the Sea of Aral, and Lake of Van, where extinct volcanic 
mountains appear to abound, the extent of water was 
formerly much larger than at present; and it seems not 
improbable that the cessation of volcanic action has kept 
pace with the withdrawal of the waters of the Central 
Asian Sea to their present more restricted limits. This 
sea appears to have stretched from the Euxine along 
the northern base of the Caucasus, and to have included 
the Caspian and the Sea of Aral. 


E.—LINES OF VOLCANIC VENTS. 


Amongst the most important lines of volcanic vents, 
either active or recently extinct, are :— 


* The volcanic region of Central France is no exception to this, because the 
plain of Clermont, on its borders, was formerly the site of an extensive lake which 
has since been drained; and as regards the extinct volcanoes of the Hauran and 
Jaulan, it seems probable that they were in activity when the Jordan valley was 
occupied by the waters of a lake, which stretched from the Lake of Merom on the 
North, to a position several miles beyond the limits of the Dead Sea on the South. 
The Phys. Geology of Arabia Pelrea, Palestine, &c., Mem. Palestine Exploration 
Society, p. 99, (1886). 


+ Dubois de Montpereux, quoted by Daubeny, Active and Extinct Volcanoes 
znd Edit., p. 367, (1848). 
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(1.) That of South America, stretching from 
Sarmiento on the south, along the Andes of Chili, Peru, 
and Bolivia, to the Isthmus of Panama. Here it sends 
off a branch toward the east, which is continued into the 
Antilles ; but the main line follows the coast of the 
Pacific into Mexico, Western America and the Aleutian 
Islands. ‘Throughout the greater part of this line of 
country in North America, volcanic action only exhibits 
its secondary symptoms in the form of hot springs, 
geysers and sulphurous exhalations. 


(2.) That of the peninsula of Kamtchatchka and the 
Kurile Islands, thence ranging through the Japanese, the 
Philippine, the Solomon and the Australasian Islands 
into the northern part of New Zealand. 


(3.) From this branches the volcanic chain of the 
Sunda Islands, including Sumatra and Java. The island 
of Borneo in the centre of these chains, is considered to 
be free from the effects of modern volcanic action. 


The above are the most clearly defined volcanic chains 
on the grandest scale, but there are several which are 
less evident, and not soextensive. Of these, the most re- 
markable is the group of the south of Italy, Sicily, and 
the Lipari Islands, which are probably ranged along 
branching fissure lines partially closed.* It is possible 


* A map, showing the arrangement of the vents of the Lipari Islands is given 
by Judd, Volcanoes, p. 193. 
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that this group may be connected by a deep fissure 
running along the Italian peninsula,* and northwards 
through Central France, the north-east of Ireland, and the 
Inner Hebrides into Iceland, where volcanic action still 
continues. / 


The region lying to the east of the Jordan-Arabah 
valley, and extending from the base of Hermon into the 
centre of the great Arabian Desert, appears to have been 
also the seat of volcanic action on a grand scale during 
the Pliocene and succeeding periods. The volcanoes of 
the Jaulan and Hauréan retain their form with but little 
modification since they became extinct, and at intervals 
extensive sheets of basaltic lava may be traced to con- 
siderable distances from their vents of eruption. Similar 
volcanic sheets are found amongst the hills of Moab, as 
shown by Tristram and Lartet; and a more recent _ 
traveller, Mr. C. M. Doughty, has described numerous 
extinct volcanic craters and lava-floes in parts of central 
Arabia, which hitherto have been a terra incognita as far 
as regards their geological structure. The general resem- 
blance of these Arabian volcanoes to those of the Jaulan 
is unquestionable ; and we may safely conclude that they 
were both in active operation at the same recent geo- 
logical period, and formed a continuous chain of more 
than 600 miles from north to south.t 


* The Italian Riviera, recently the scene of a disastrous earthquake, would be 
on this line. 


+ Doughty, Arabia Deserta, (1888). 
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Numerous volcanic islands rise from the deep waters 
of the Atlantic, Pacific and Indian Oceans, such as 
those of the Azores, Canary, Cape de Verde in the Atlantic, 
the Sandwich, Society and Friendly Islands in the Pacific, 
and Bourbon in the Indian. It is not improbable that 
some of the coral Atolls of the Pacific are built upon the 
summits of submerged volcanic craters; and, were the 
bed of the ocean to be laid dry, these volcanic islands 
would appear like stupendous pyramidal mountains 
planted on a nearly level floor, and rising to elevations of 
several thousands of feet.* 


F.—GEYSERS. 


Amongst the secondary results of volcanic action, is 
the formation of Geysers, which are often found in those 
districts where volcanic action is dying out, or has 
become dormant, such as in parts of Iceland, New 
Zealand, and the Yellowstone District of Western 
America. They, may generally be described as inter- 
mittent eruptions of water, ata temperature little removed 
from that of boiling point, which is from time to time 
blown out of acentral funnel, opening downwards into the 
ground. These eruptions are often accompanied by a loud 
subterranean noise and the evolution of steam, which 
must be considered as the motive power at each explosion. 


* They are in fact supported in position mainly by the dense waters of the ocean. 
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Other forms of moribund volcanicity are to be found in 
solfataras, fumaroles, mud-volcanoes, and boiling springs ; 
but space does not allow of detailed description of these 
phenomena. 


G.—CAUSES OF VoLcANIC ACTION. 


The causes assigned for volcanic action by various 
authors may be classed under three heads :— 


(1.) Chemical, 
(2.) Mechanical, and 
(3.) Secular contraction of the Earth’s Crust. 

(1.) Of the first of these explanations, Daubeny is the 
chief exponent.* Briefly stated, he considers the heat 
generated during ‘volcanic action is due to air, water, 
and muriatic acid, which find their way into the interior 
through fissures in the crust, and, acting chemically on 
the metallic constituents of which the crust is formed, 
give rise to volcanic eruptions. 


(2.) According to the mechanical theory, expounded 
by Lyell, the internal heat is assumed; and water, either 
mixed with molten rock, or finding its way downwards 
through fissures, and coming in contact with heated or 


* Daubeny, Active and Extinct Volcanoes (Edition 1848). 
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molten matter, is converted into steam, and is the direct 
cause of volcanic eruptions.* This view has been very 
generally adopted by geologists, but labours under the 
difficulty of supposing that water can find its way down- 
wards amongst highly heated matter, where it would be 
immediately converted into steam, notwithstanding that 
the boiling point would be raised by the increased pres- 
sure due to depth.+ 


(3.) The explanation under the third head has its 
chief exponent in Mr. Mallet, who, following Von Buch, 
supposes that in consequence of the secular cooling of 
the earth’s crust, lateral crushing takes place along lines 
of fracture or faulting. From time to time, the resistance 
of the crust gives way to the tangential forces, resulting 
in earthquake shocks, together with the development of 
heat along the lines of fracture, and the melting of rock 
into lava. Meanwhile, water, finding its way down- 
wards, gives rise to explosive energy, the evolution of 
steam, and the extrusion of lava from the pre-existing 


vents of eruption.- : 


This view is not incompatible with that of the most 
recent writer on the subject, Professor Prestwich, who, 
appealing to the fissures of eruption of lava in the Sierra 
Nevada and Western America, considers that the evo- 


* Lyell, Principles of Geology, Vol. II., pp. 198, 242-4. (Edit. 1872.) 
+ This difficulty was recognised by Lyell, who, however, did not consider it 
insuperable. 
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lution of steam is only a secondary cause of volcanic 
action. Thus, molten lava, ascending through the throat 
of a volcano, comes in contact with water contained in 
the strata, or in the ashes and scoriz of the volcanic 
mountain, and is thus converted into steam. The prime 
motive power of volcanic action he considers to be the 
secular cooling and contraction of the crust.* The fact 
that so many active volcanoes are situated in proximity 
to the ocean is not necessarily a proof that the access of 
oceanic waters is a direct cause of volcanic action, as the 
position of the coast lines may have been, to some ex- 
tent, pre-determined by the great lines of fracture and 
thrust, along which lines of volcanic eruption have 
been developed.t The views of Professor Prestwich 
are those which appear most consistent with observa- 
tion and what we know of the internal condition of our 
globe.t 


* Prestwich, On the Agency of Water tn Volcanic Eruptions, Proc. Roy. Soc 
1386, p.17I. 

+ This point is ably urged by Judd, Volcanoes, loc. cit., p. 239, &c. 

t Cordier has calculated that a radial contraction so minute and imperceptible 


as one millemétre (0'0397 inch) would suffice to supply matter for five hundred of 
the greatest known volcanic eruptions. Prestwich, Geology, Vol. I., p. 216. 


CHAPTER LT. 


EARTHQUAKES. 


A.—COoNNECTION OF VOLCANIC ERUPTIONS AND EARTH- 
QUAKE SHOCKS.—DESTRUCTION OF HERCULANZUM 
AND PoMPEII. 

The connection of tremors and shocks passing through 
the crust with volcanic outbursts has long been observed 
and acknowledged; but, at the same time, it is certain 
that earthquakes take place in regions where there is an 
entire absence of volcanic phenomena, or from which 
they have long since passed away. Of the connection 
above referred to, ‘the history of Vesuvius affords us 
numerous examples. Down to the commencement of 
the Christian era the subterranean fires of this mountain 
were dormant.* The summit formed a plain of rough 
slag and cinders, while the sides were clothed with vines, 
olives, and fertile meadows. But this epoch of tran- 


* That is, within the historic period; the original crater before the Christian er 
is called Somma. 
F 


74 Physiography. 


quility was brought to a sudden and calamitous close, 
when, in A.D. 63, repeated earthquake shocks disturbed 
the Campania, and shattered the cities of Herculaneum 
and Pompeii, which were built, the one at the base, the 
other on the side of the mountain. Another earthquake 
of scarcely less intensity, shook the whole region around 
the Bay of Naples on the 24th August, 79, and was fol- 
lowed by the first recorded eruption of Vesuvius, when the 
summit of the mountain was blown off, a new cone of 
eruption was formed, to which the name Vesuvius is 
restricted, and from which clouds of smoke, ashes, and 
lapilli were sent forth, rendering the heavens dark as 
midnight, and adding to the terror of the affrighted 
inhabitants, who fled in all directions from the scene of 
the disaster. Since then Vesuvius has been, from time 
to time, the scene of eruptions, accompanied or preceded 
by earthquake shocks. 


B.—Non-Vo.tcanic EARTHQUAKE REGIONS. 


On the other hand we have only to cast our eyes over 
a map of the Globe showing the regions liable to earth- 
quakes, to see that there are extensive regions in North 
America, the South of Europe and Central Asia which are 
frequently visited by earthquake shocks, but from which 
volcanic action has long since passed away. Amongst 
such may specially be mentioned southern Spain, the east 
shore of the Adriatic, Syria, and the Jordan Valley, parts 
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of Asia Minor and of Northern India.* The recent terrific 
earthquake of the Riviera in northern Italy, which took 
place on the 23rd February, 1887, at 5.30 a.m. (local 
time), travelled from east to west through a region 
destitute of volcanoes. This case also affords an instance 
of the vast distance to which earthquake-waves are capa- 
ble of being transmitted—as the vibrations appear to 
have extended across the Atlantic, and sensibly affected 
the seismoscope in the Government Signal Office at Wash- 
ington, at a moment which, when compared with the 
time in the Riviera, and, with the local times, indicated 
a velocity of about five hundred miles an hour.+ It is 
not improbable that some of the greater shocks have 
been felt throughout the whole circumference of the 
globe. 


C.—NATURE OF EARTHQUAKE SHOCKS. 


Earthquakes appear to have their origin either in a 
sudden crush of the crust, owing to contraction along 
great lines of fracture, or in powerful efforts of steam 
or elastic gases to effect an escape from the interior, 


* The Great Earthquake of Cachar, which occurred on the roth January, 1869, 
in northern India, has been described by the late Dr. Oldham and his son, from 
observations on the spot. The catalogue of Earthquakes prepared by Professor 
O’Reilly, and published in the Trans. Roy. Irish Academy, show many earthquake 
centres from which volcanic vents, either active or extinct, are absent. 

+ Mr. W. H.M. Christie states that the shock was felt at Greenwich Observa- 
tory, at 5.38 a.m., by the sudden vibration of the declination and horizontal force 
magnets.—Nature, 17th March; and at Washington, at 7.50 a.m.—The Times 
telegram, 
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owing to contact with molten matter. It is not difficult 
to understand how, in the case of a volcano, long dor- 
mant, but about to enter upon a period of activity, the 
molten matter ascending through the throat of a funnel 
may come in contact with strata charged with water, or 
even with old lava and ashes similarly charged; steam 
would then be generated under high pressure, and would | 
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Fig. 5.—DIAGRAM TO SHOW THE MODE IN WHICH AN EARTH- 
QUAKE-WAVE IS TRANSMITTED FROM A SUBTERRANEAN FOCUS OF 
DISTURBANCE SUCH AS AT A.—A. Focus of Earthquake. B. Seismic 
Vertical, or point where shock first reaches surface. C. Supposed 
focus of greater depth. Here line c. 1, representing angle of emer- 
gence, is steeper thantheline A. 1. c,c/,d,d’, &c., section ofspherical 
shells showing how the wave is propagated in all directions from the 
centre of disturbance A. 1, 1/,2,2/ &c., co-seismic points—points on 
the surface reached simultaneously by the Earthquake-wave. 


Earthquakes. yay 


result in one or more shocks within the crust. In some 
such manner may we account for the shocks which 
preceded the first recorded eruption of Vesuvius. These 
shocks originate vibratory waves in the crust, which are 
propagated in various directions from the seat or focus 
of disturbance in the manner illustrated and described by 
Mr. Hopkins. This mathematician has shown, that 
the earthquake-wave, when it passes through rocks 
differing in density and elasticity, changes in some de- 
gree, not only its velocity, but its direction; being both 
refracted and reflected in a manner analogous to that of 
light when it passes from one medium to another of 
different density. When a shock traverses the crust 
through a thickness of several miles it will encounter 
a great variety of rocks, as well as fissures and faults, by 
which the course of the vibratory movement will be more 
or less interfered with and diverted.* 


* Space does not admit of further discussion of this subject here, and the 
reader is referred to Mr. Hopkins’ Report on Theories of Elevation and 
Earthquakes, Rep. Brit. Assoc., 1847. p. 33. Mr. R. Mallet On the Dynamics 
of Earthquakes, Trans. Roy. Irish Acad., vol. xxi. Lyell’s Principles of Geology, 
roth edit., p. 136. Prof. O’Reilly’s Catalogues of Earthquakes, Trans. Roy. 
Irish Acad., vol. xxviii., (1884 and 1886). 
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PHYSICAL FEATURES OF THE 
GLOBE. 


CHAPTER I. 
VARIETIES OF SURFACE FEATURES. 
A.—GENERAL STATEMENT REGARDING THEIR ORIGIN. 


“THE physical features of the surface of the globe are 

the ultimate result of the combined action of in- 
ternal forces of movement and external agents of erosion 
on the solid matter of which the crust is formed. The 
mountains, plains, hills and valleys, oceans and lakes, 
are all due to such agencies, amongst which the forces 
of elevation and of erosion by rain, river, and sea action 
are the most powerful. It should always be borne in 
mind by the student of nature that the features of the 
landscape are altogether different from what they were in 
the earliest epochs of the history of our globe; and we 
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might go so far as to say that every spot of existing land 
has, at one time or other, formed part of the bed of the 
ocean, some portions having been repeatedly in this con- 
dition,* while, on the other hand, it may be affirmed with 
equal certainty, that very large areas of the existing 
oceans have, at one time or other, been in the con- 
dition of emergent lands—the North Atlantic being one 
of these.t+ 


The manner in which the above physical changes have 
been brought about, and the special epochs of each, be- 
long to that branch of scientific research known as 
Physical Geology, upon which it would be out of place 
to enter here. We must, therefore, confine our attention 
to the features as they are at present represented on the 
surface of our globe.} 


B.—MounrtTAINS: THEIR STRUCTURE AND MODE 
OF FORMATION. 


. 


The structure and mode of formation of mountains is 


* The converse propcsition that every spot of the ocean has once been Jand 
does not necessarily follow, because of the greater extent and greater mean depth 
of the submerged over the emergent areas. 


+ For the evidence of this statement the reader is referred to the author’s 
paper on The Geological Age of the North Atlantic Ocean; Scwentific Trans. Roy. 
Dublin Society, Vol. 111. (1885); and Contributions to the Physical History of the 
British Isles (London, 1882), p. 23. 


t Those who wish to pursue this subject further may consult Eliede Beaumont’s 
Systemes de Montagnes, Paris, 1852; Mr. W. Hopkins’ Anniversary Address, Geol, 
Soc. Lond, 1853; Prestwich’s Geology, Vol. 1., p. 285; Geikie’s Text-book of 
Geology. 
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a subject so vast and complicated that it would be im- 
possible to enter upon it in a treatise like the present 
with any prospect of successful treatment. In addition 
to this it is to be recollected that as the mountain ranges 
of our globe descend to the present day from distant 
geological periods, their structure and formation belong 
rather to the domain of physical geology than that of 
physical geography. <A very few leading ideas may, 
however, here be advanced. Neglecting those of spe- 
cially volcanic origin to which we have already referred, 
nearly all mountain ranges may be regarded as coming 
under two classes :— 


(1.) Those which, having originally been in the 
condition of elevated plains or table-lands, have been 
channelled and furrowed by rain and river action, and 
thus sculptured into various forms of mountain heights 
with intersecting valleys. The hilly tract of Central 
Wales, or the plateau of the Cotteswold Hills, or the 
Carboniferous ranges of the North-West of Ireland, offer 
familiar examples of this kind. The original floor out of 
which, upon its elevation, the hills and valleys have been 
eroded, may have consisted either ofhorizontal or contorted 
strata, worn down by marine action, and thus reduced to 
a nearly level surface. Such surfaces have been designated 
by Sir A. Ramsay “ planes of marine denudation.” 


(2.) The second class consists, generally, of masses ar- 
ranged more or less along parallel lines, and often with a 


. 
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central ridge. These ridges are the result of lateral thrust, 
by which the strata are flexured along axes perpendicular 
to the direction of pressure. The Alps, Pyrenees, and 
Himalayas belong to this class. Along with the flexuring 
of the strata, there is often direct upheaval along lines of 
fault or fracture, accompanied by the protrusion of igneous 
rocks; while the valleys have been eroded by rain and 
river action, generally along lines of faulting, or along 
softer strata, above which the harder beds rise in ridges . 
or escarpments. Such mountain ranges have sometimes 
undergone repeated upheaval and depression during 
succeeding geological periods. Where river valleys cut 
through ridges or escarpments, we have to refer back to 
very old systems of drainage to account for such remark- 
able cases, of which examples occur in the south of 
England, and nearly all mountainous regions of the 
globe. In the former case it will be observed that the 
streams which have their sources in the high ground 
formed of ‘‘ Kentish Rag” and the “‘ Hastings Sands,’’ 
forming the central Wealden area of Kent and Sussex, 
flow northwards into the Thames below London, and 
into the English Channel, crossing in their course the 
Chalk-ridges called the ‘‘ North and South Downs,” 
instead of finding their way eastwards into the sea along 
the valleys formed of the ‘‘ Weald Clay.” The explana- 
tion of this is to be found in the fact that these river 
channels were formed during the progress of the denuda- 
tion of the chalk and tertiary strata from off the Wealden 


area, 


CHAPTER II. 


THE OCEANS. 


A.—THEIR ExTENT AND MEAN DEPTHS. 


The oceans date, in some cases, from very early geo- 
logical periods. ‘Their waters, with those of the inland 
seas, occupy more than twice the extent of the surface of 
the land, amounting to 146 millions of square miles. 


The more exact proportions are as follows :— 


Land surface . . . 51,000,000 square miles. 
Wattr surface: \> “1 ra6,oce;b00r oe is 


The mean depths of the oceans may be taken as 
follows :*—- 


* Haughton’s Lectures on Physical Geography, 1880. 
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Feet. 

‘North Atlantic (central portion). . . 14,053 
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The mean depth of the ocean taken as a whole has 
been estimated by Dr. Carpenter at 13,000 feet, while the 
mean level of the land above the ocean is only about 1000 
feet; so that the mean depth of the former is thirteen times 
the height of the latter.* As regards the relative mass of 
emergent land and of oceanic water, we obtain the result . 
by multiplying the mean heights and depths by their res- 
pective areas, which shows an enormous preponderance 
in the mass of submerged land. 


B.—INGREDIENTS OF OcEAN WATERS. 


The waters of the ocean are intensely saline, perfectly 
clear when at a distance from land or the mouth of a 
river, and have a high specific gravity, owing to which 
they are more buoyant than those of lakes or rivers. The 
chief saline ingredients are chlorides of sodium and 
magnesium, sulphates of magnesia and lime, silica, and 


* Carpenter, Lund and Sea, Proc. Roy. Inst. Gt. Brit., June, 1880, Haughton’s 
estimates differ a little from those of Carpenter, as he takes the mean depth of the 
ocean at something over 10,000 feet, Joc. cit., p.44. Dr. Murray makes the mean 
height of land 2,230 feet, and mean depth of the ocean 12,480 feet. 
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traces of bromides and iodides. Carbonic and phosphoric 
acids, carbonates of lime, and magnesia are also present, 
together with the silica, and are seized upon and converted 
into the shells and skeletons of the numerous animals 
and plants which abound throughout the oceanic waters 
even to the profoundest depths. 


The proportions of dissolved ingredients, however, vary 
somewhat according to the conditions of locality. If we 
take the average proportion to be 34°4 grammes per litre,* 
that of the Mediterranean varies from 36 to 40 grms., and 
of the Baltic only from 5 to 18 grms. per litre; these 
being extreme variations due to exceptional causes. As 
regards the Mediterranean it is known that the evapor- 
ation is greater than the supply from both rivers and the 
Atlantic through the Straits of Gibraltar; while, in the case 
of the Baltic, it is almost shut out from physical connection 
with the waters of the outer ocean, and the supply from 
rivers and rainfall is so great as to reduce the salinity 
much below the average amount. A curious result of 
this brackish condition of the Baltic waters is, that the 
molluscs of that sea are more or less dwarfed in size, as 
compared with their representatives in the adjoining 
Atlantic. 


C.—GEODETIC LEVEL OF OCEAN SURFACE. 


If the world was formed of water, of equal depth 


* Forchhammer, Phil. Trans., Vol. 145 
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throughout, resting on a floor of uniform density, the 
surface would be that of an ellipsoid of revolution, and 
would be regarded as presenting a true geodetic level. 
As a matter of fact, it is generally so regarded; and 
where land occurs in the existing globe, the mean geo- 
detic surface is considered to be that of the ocean con- 
tinued into the land. But recent investigations have 
tended to show that the ocean surface varies considerably 
from the mean level, owing to the attraction of adjoining 
lands. Professor Stokes has shown that the force of 
gravity must be greater in mid-oceanic islands than 
on continental stations,* that is at the sea margin and in 
similar parallels of latitude, and this conclusion corres- 
ponds with the results of observations on the length of 
the second’s pendulum all over the ylobe. Suess} and 
Fischer? have arrived at a formula, according to which, 
the difference in the level of the ocean surface at two 
such stations above or below the mean ellipsoidal level is 
found in métres, by multiplying the defect or the excess, 
respectively, in the number of daily oscillations of the 
second’s pendulum above or below the calculated number 
for the latitude of the place in question, by 122; which 
would give very unexpected results in some cases. 


' The attraction of the submerged land, which, as in the 


* Stokes, Cambridge Phil. Trans., vol. viii. pp. 672 et seq. 
+ Suess Das Antlitz der Erde (1887), 
4 Fischer Untersuchungen tiber die Gestalt der Erde (1886). 
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case of the coast of S. America, descends to depths of 
14,000 to 15,000 feet, is much greater than that of the © 
emergent masses. That the waters of the ocean are toa 
greater or less extent drawn up all along the shores of 
the continents, to a level above the mean geodetic 
surface, can scarcely admit of a doubt. On the other 
hand, the deeper oceanic depressions will produce a 
corresponding depression in the ocean surface, so that 
this surface in some slight degree partakes of the irregu- 
larities of the bed beneath.* 


D.—DEpTHS OF THE OCEAN, AND NATURE OF ITS BED. 
OcEANIC ISLANDS. 


The mean depth of the oceans, as shown above, may 
be taken at about 13,000 feet, or 2,166 fathoms; but 
deep-sea soundings have shown that the Atlantic and 
Pacific Oceans descend to much greater depths. Thus 
the soundings made across the Atlantic basin from 
Valentia Island to Trinity Bay, Newfoundland, show 
that the bottom descends to a depth of 14,616 feet, at a 
distance of 300 miles west of Cape Clear. In the 
S. Pacific, a depth of 15,900 feet was sounded by the 
officers of the ‘‘ Challenger”? Expedition, between the Fiji 
Islands and Torres Straits; and still greater depths have 


_ * Objection has been raised to the above views from the fact that the Himalayas 
indicate by the plumb-line a deficiency of attraction due to the mass, as shown by 
Pratt, Clarke and Fisher; the subject is too complex for discussion here, 
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been reached in both oceans. Notwithstanding these 
exceptional depressions, the general form of the oceanic 
bed appears to be that of a nearly flat, or gently undu- 
lating, surface, from which arise, solitary or in groups, 
volcanic islands, with steep or precipitous sides. The 
island of Tristan da Cunha in the S. Atlantic, rises 
abruptly from a depth of 12,150 feet;* St. Helena, 
Trinidad, Ascension, and St. Paul’s Islands from still 
greater depths ; andif the sea were laid dry, these islands 
would look like gigantic pyramidal mountains rising from 
a plain. | 


E.—TuHE ATLANTIC PLATEAU. 


Following the course of the centre of the ocean, a 
narrow plateau, called the ‘‘ Dolphin Ridge,” stretches 
southwards from opposite the extremity of Greenland into 
the Antarctic Ocean by Tristan da Cunha. This plateau 
has a depth of 1,000 to 2,000 fathoms, and is bounded on 
either side by wider tracts of depths over 2,000 fathoms, 
which stretch on either hand to within comparatively 
short distances of the land. 


F.—MARGIN OF THE OCEAN. 


The soundings which have been carried out over large 
tracts ofthe ocean, from the margin ofthe land, haverevealed 


* Haughton, Joc. cit., p. 45. 
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the remarkable fact, that the continental lands descend at 
a more or less uniform slope into very deep water, and this 
having once been attained, very little change takes place 
in the depth of the oceanic bed over large areas, except 
around oceanic islands. This somewhat uniform descent 
into deep water is specially illustrated in the case of the 
western coast of the two Americas, along which the land 
appears to descend to a depth of 2,000 fathoms, at a 
distance of about 100 English miles all along the coast of 
Mexico, Peru, Bolivia, and Chili, to lat. 35 degrees 5S., 
while the depths of the ocean beyond gradually vary from 
2,500 to 3,000 fathoms.* ‘The descent of the submerged 
land margin into deep water is not, however, as rapid as 
is generally supposed, being at the rate of 1 in 44 (or 
about 14 degrees) to 1 in 20 (or about 3 degrees). 


If we take as guides the soundings of the Admiralty 
charts, which only extend to depths of about 500 to 600 
fathoms, we obtain an idea of the rate of descent into 
deep water. From one of these charts of the coast of 
Peru, between lat. 18° 50’ and 20° S., we obtain soundings 
to a depth of 500 fathoms, which show an average slope 
of about 1 in 20, or about 3 degrees.{| What has been 
said in reference to the coast of America applies to a 
greater or lesser extent to those of Africa, Asia and Europe. 


* Isobathic lines of Physical Map in the Scientific Results of the ‘ Challenger” 
Expedition, Vol. i. 


+ This slope is really not so rapid as might be supposed from an inspection of 
the isobathic lines on a physical map, owing to the comparison of the horizontal 
and vertical distances. 
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G.—ComPosiITION OF THE OcEAN-BED. 


Soundings and dredgings have also made us acquainted 
with the nature of the bed over almost the whole 
accessible tracts of the ocean, and have brought to light 
the remarkable fact that the remains of animals and 
plants have contributed far more than inorganic bodies 
to its formation. The general results may be stated as 
follows :—After passing beyond a depth of 200 to 300 
fathoms, and also beyond the influence of large rivers 
entering the sea, the ocean-bed becomes remarkably 
uniform in composition, being composed mainly of 
calcareous foraminiferal marl, similar to the ‘‘ooze”’ of the 
mid-Atlantic. In some parts of the southern oceans 
the calcareous marl is replaced by silicious matter, made 
up of remains of sponges and radiolarians, or else of 
diatomacez. In the neighbourhood of volcanic islands, 
fragments of pumice, generally rounded, as well as 
particles of volcanic dust, have been dredged, which, 
owing to their light specific gravity, may have been 
carried to great distances from their volcanic sources. But, 
perhaps, the most extraordinary of all abyssal bodies 
recovered are the round grains of ‘‘ cosmic dust,” that is, 
portions of the dust of meteorites, which have been 
brought up from the ocean-beds at distances far remote 
from land, and where, consequently, deposition of matter 
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goes on with extreme slowness. These have been brought 
up from depths of over 3,000 fathoms in the Pacific Ocean, 
and are found to consist of rounded grains of magnetite or 
bronzite. Along with these deep sea deposits are whale 
bones, sharks’ teeth and bones, often coated with peroxide 
of manganese, as well as other remains of marine 
animals.* In the Indian and S. Atlantic Oceans, the 
calcareous ooze often gives place at depths of 2,200 
fathoms to “ grey clay,” and this again to ‘red clay” at 
2,400 fathoms, this latter forming the floor over large 
tracts. The red clay was once supposed to be the 
‘residual ash” left by the casts of foraminiferal shells 
after the calcareous portion had been dissolved away; but 
more recent observations go to show that it is really 
decomposed matter derived from volcanic eruptions. 


On approaching the continental lands, the materials 
composing the ocean-bed become more inorganic and 
fragmental, and ultimately pass into sand and gravel, 
mixed with shells and other marine forms, as we find 
along our coasts and bays. ‘Toward the Arctic and Ant- 
arctic circles, a material change takes place owing to the 
presence of mud, stones, and fragments of rock which 
have been strewn over the ocean-bed by bergs and floes of ice 
when floating in the waters and undergoing dissolution. 
The material thus formed, must, we may suppose, be 


ae 


* Murray and Renard, Proc. Roy. Soe., Edin., 1884. 
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similar to a portion of the formation belonging to the 
glacial period, known as boulder clay.* 


H.—CoNTRAST BETWEEN THE FoRM OF THE OCEAN-BED 
AND THE SURFACE OF THE LAND. 


The form of the ocean-bed, as revealed by deep sea 
soundings, contrasts remarkably with that of the land 
surfaces adjoining. The former presents to our imagin- 
ation the aspect of an immense plain, slightly sloping in 
various directions, and only occasionally diversified by 
the uprise of oceanic islands, either in groups or singly; 
on the other hand, the land surface is highly diversified 
by ridges and furrows, by plains and mountains, and 
especially by river-valleys, features which are absent 
from the submerged areas. How are we to account for 
these highly contrasted forms of surface? The question 
is one which would require considerable space to answer 
fully, and may only be touched upon here. Briefly stated, 
then, the floor of the ocean possesses the character due 
to sedimentation and accumulation of organic matter 
deposited slowly, and under the influence of slow current 
action ; while the surface of the land is such as results 
from aqueous erosion operating on various rocks and varie- 


* This material differs from the Till, or Lower Boulder clay, which is of 
land-ice formation, in being stratified. 


Q2 Phystog rap hy. 


ties of strata. The tendency of the former agencies is to 
fill up inequalities, and thus produce extensive level 
surfaces; that of the latter, to give rise to endless inequali- 
ties and variations in the forms and features of the 


landscape. 


CHAPTER III. 
HOW THE OCEANIC WATERS BECAME SALT. 


A.—ORIGINAL FORMATION OF THE OCEAN BASINS. 


We are so accustomed to the saltness of sea-water 
that few persons ask themselves the question, why it 
should be salt any more than the waters of lakes? Yet, 
if we reflect that originally the waters of the sea were 
gathered together into the hollows formed over the 
earth’s crust during its consolidation, in consequence 
of the condensation of the vapours which once sur- 
rounded a highly-heated globe, we are obliged to infer 
that these waters were originally fresh, and that the 
process of salinification is one which has taken place 
subsequently to the original formation of the great seas, 
The question, therefore, remains, by what process has the 
water become so highly impregnated with saline matters in 
solution as to become intensely “ salt’’ to the taste, while 
waters of lakes communicating with the same ocean are 
so slightly saline as to be considered “‘ fresh’”’ ? 
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In approaching this question we cannot forget that 
there are certain inland lakes, such as those of the 
Dead Sea in Palestine, the Sea of Aral, the Lakes of Van 
and Urumiah, the great Salt Lake of Utah, and others, 
the waters of which are more or less saline; and 
when we come to enquire what peculiarity of physical 
conditions characterises these lakes, we find that it is one 
which they all possess in common, namely, that they are 
lakes without an outlet, and that the waters which they 
receive from the rain and streams pass off into the air by 
evaporation. Now the ocean may be regarded asa vast 
sea without an outlet, and hence we have a clue to the 
determination of the problem regarding the cause of 
salinity in its waters.* 


C.—SALINE AND OTHER INGREDIENTS IN SEA-WATER. 


The chief soluble ingredients of sea-water have already 
been enumerated. ‘The proportions of these materials 
vary somewhat in different parts of the ocean, and at 
different depths, but 28 or 29 grammes per litre may be 


* Halley long ago showed that the saltness of the Sea is due to the salts brought 
down by rivers and left there by evaporation. (Phil. Trans., No. 344). Bischof 
concurs in this view, Chemical Geology, Vol.i., p. 110, (Trans.) 
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taken as an average. Now these ingredients in sea- 
water are exactly those which are found in solution in the 
waters of rivers in small quantity, with the exception 
perhaps of bromides and iodides, which may occur only in 
such small proportions at to escape detection.* They 
are constantly being taken up from the rocks and soil, 
then carried down and poured into the ocean from the 
rivers and springs; and, as in the process of evaporation 
by which these waters are carried back to the land, the 
soluble ingredients are left behind, the conclusion is in- 
evitable, that the waters of the ocean have a tendency as 
time goes on to become more and more saline. This 
tendency towards saturation does not apply, however, to 
the carbonates and to silica, as they are used up by the 
various living forms, both animal and vegetable, in- 
habiting the waters, for the construction of their shells 
and skeletons. 


As bearing on this subject, it is interesting to observe 
that the waters of the Mediterranean are slightly more 
saline than those of the outer ocean. This is in conse- 
quence of the enormous evaporation which takes place 
over its surface owing to the dry winds of Africa and 
Asia, which the large rivers, such as the Nile and Danube, 
directly or otherwise finding their way into it, fail to 


* Bromine occurs in the waters of the Dead Sea,but has not been noticed in the 
waters of the Jordan; this is only in consequence of the restricted quantity of 
water subjected to analysis, Lartet, La Mer Morte, Geologie, (1880). On the 
subject of the occurrence of bromine and iodine in small quantities in rocks and 
waters, see the observations of Bischof, Chem. and Phys. Geol., vol. i., p. 348. 
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supply. In consequence of this, the Atlantic pours its 
waters into the Mediterranean through the Straits of 
Gibraltar, with the result of producing an increase in the 
saltness of its waters.* 


D.—THE DEAD SEA oF PALESTINE. 


Still more remarkable than the case of the Mediter- 
ranean is that of the Dead Sea (otherwise called ‘‘ The 
Salt Sea’’ and “‘ Bahr Lit’’) of Palestine. The position 
of this inland lake is unique amongst all other lakes of 
the world, as the surface of its waters lies 1,290 feet 
below that of the Mediterranean; and its bed descends 
to a nearly equal depth below the surface. Its length 
from north to south is 47 miles, and its waters are so in- 
tensely saline that no animal can remain in them alive, 
and the fishes that enter the head of the lake from the 
Jordan soon perish. The Dead Sea once occupied an 
area at least three times larger than at present, and it is 


* While the views above stated regarding the cause of salinity of the ocean 
waters are those which appear most in harmony with fact and observation, it 
is proper to observe that some authors refer the salinity of the ocean water more 
directly to chemical reactions which took place at a very early period of the earth’s 
. history. The chief exponent ofthis viewis Dr. T. Sterry Hunt, who finds that, on 
comparing the saline matters locked up (as he supposes) from the period of the 
ancient Paleozoic seas in the strata with those of the present ocean, only one half 
of the chlorine is combined with sodium, the remainder existing as chlorides of 
calcium and magnesium; hence he infers that these latter chlorides have been 
replaced to a large degree by chloride of sodium, through the intervention of 
carbonate of soda in the waters of the present ocean. Soda, as he points out, is 
pre-eminently the soluble alkali; hence its abundance in the waters of the ocean, 
and most saline and alkaline waters ; while potash, which is less soluble, predomi- 
nates in the felspars and solid matters of the earth’s crust. Chemical and Geo- 
logical Essays, 2nd Edit., p. 1. 
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probable that its waters have not been physically con- 
nected with the outer ocean since the Pliocene Epoch. 
The principal ingredients in its waters are the chlorides 
of calcium, magnesium, sodium, and potassium ; and, in 
the smaller proportions, of sulphates and bromides of the 
same substances.* As the waters of this lake are carried 
off by evaporation as fast as they are delivered by the 
Jordan and other streams, it follows that the saline in- 
gredients have been derived from the streams themselves, - 
and these in their turn from the rocks and strata amongst 
which they flow, and have their sources. Thus the 
history of the increasing salinity of the Dead Sea may be 
considered an epitome of that of the outer ocean itself. 


E.—TuHEeE CaAsPIAN SEA. 


This great inland sea seems to offer a remarkable excep- 
tion to the rule which regulates the saltness of lakes 
without an outlet. It has been supposed by Hommaire- 
Dehel,+ and others more recently, that the waters of the 
Caspian formerly flowed into the Black Sea, and that 
the lakes Aral, Caspian, Azov, and the Black Sea formed 
one great chain communicating with the Mediterranean. 
That the sea of Aral and the Caspian were connected is 


* For fuller details see Physical Geology of Arubia Petrea and Western Pules- 
tine—Mem. Palestine Exploration Society, pp. 15, 118, &c. 


+ Comptes rendus, 1843, No, 15. 
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beyond question, as the old bed of the Oxus can be traced 
from sea to sea; but if the Caspian had been once con- 
nected with the Black Sea, its waters ought now to be 
more saline than those of the latter, which is so far from 
being the case, that the waters of the Caspian contain 
only one-fourth of dissolved constituents of those of the 
Black Sea. The surface of the Caspian is also 86.5 feet 
lower than that of the Black Sea; so that, if once united, 
a column of water has been evaporated off the surface of 
the Caspian, owing to which its salinity ought to have 
been proportionately increased. Hence, Bischof con- 
cludes * that these large seas can never have been 
physically connected ; notwithstanding the fact, shown by 
the old alluvial tracts with shells identical with those 
now living, that the waters of the Caspian once had a 
much wider range than at present. It is not easy to see 
how this conclusion can be invalidated. 


At the same time it might fairly be argued, that the 
fact of the deficiency of salinity (supposing this to be 
fully determined) can only be accounted for by the sup- 
position that the waters of the Caspian had, till recently, a 
physical connection with those of the Black Sea, with a 
current into the latter, and that owing to the excess of 
evaporation over supply in more recent times, the surface 
had fallen below the level necessary for maintaining this 
connection. It is known, however, that in one part of the 


* Chem. and Phys. Geol., vol. i., p. go. 
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Caspian (Kara Bucharz), the waters are so saline that 
beds of rock salt are in course of formation by a process 
of evaporation.* 


F.—THE SUBSTANCES CARRIED BY RIVERS INTO 
THE SEA. 


From the above considerations we arrive at the follow- 
ing general conclusions regarding the substances which 
are carried down by rivers into the ocean. As regards 
the materials held in mechanical suspension, such as 
clay, sand and pebbles, these are deposited along the 
borders of the ocean and at the mouths of the rivers, and 
are carried to greater or lesser distances from the land 
by the currents which pervade the waters. The car- 
bonates of lime and magnesia, together with the silica in 
solution, are seized upon by animal and vegetable 
organisms, and being used up in the construction of the 
shells and skeletons of these forms are thus converted 
into solid matters; while lastly, the chlorides of sodium 
and magnesium, together with the sulphates of magnesia 
and lime remain for the most part dissolved, and tend to 
augment the saltness of the ocean’c waters. Owing, 
however, to the vastness of the volume of these waters, 
the process is excessively slow, and except through long 
geological periods, probably almost inappreciable. 


* Numerous salt-lakes are distributed over the great plains lying to the north 
of the Lake of Aral, and other parts of Central Asia; all characterized by the 
absence of an outlet. 
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G.—LAKES WITHOUT AN OUTLET, OR ‘“‘ CLOSED LAKEs.”’ 


Having already indicated the cause of the salinity of 
these lakes, to which there are but few exceptions, it will 
be sufficient to give the results of analyses of some of the 
more important examples taken from various parts of the 
world. All such lakes are more or less saline; but 
instances occur in the great Lahontan basin in Nevada 
where lakes have become fresh by dessication in con- 
nection with the deposition of mineral matter; the 
process here going on at the present day throws much 
light on the formation of saliferous deposits.* 


H.—ANALYSES OF WATERS OF CLOSED LAKES. 


Dissolved ingredients in 1000 parts. 


Aral Sea, Asiat . : : : : : 10°841 
Albert Lake, Oregon{ . : é 27°357 
Caspian Seal||, 22 W.S.W. of Pivehing: 15 feet 

deep : : : : : ; 6°294 


* I, C. Russell’s Geological History of Lake Lahontan, U. S. Geol. Survey 
(1885) page 224. 


+ Fourth Annual Rep. U.S. Geol. Survey, p. 454. 
t Gobel, Pogg. Annal. Ergédnz, b. i., p. 187. 
|| Terrell and Lartet, Geol. Explor. Dead Sea, p. 278. 
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Dead Sea*, near Ras Feschkah, 393 feet deep. 245°732 


od e nf CROC a iu S25 T:1 O49 
Elton Lake, Russiat : : » 255°6—264'980 
Great Salt Lake, America{ . : ; 5) 222820 
Soda Lake, Ragtown, Nevada|| A «4, PL3G44 
Oroomiah (Urumiah), Persia§ : : © 205 500 


Pyramid Lake, Nevada‘ d : : ; 3°486 
Sevier Lake, Utah**  . ; : 86°403 
Van Lakett . : : : 22'600 


* Erdman and H. Rose, Bischof Chem. Geel., vol. i., p. 404. 

+ L. D. Gale. 

¢ Stambury, Great Salt Lake, p. 419. U.S. Geol, Survey, Vol. xi., p. 70. 
| Bischof, Loc. Cit., vol. 1., p. 401. 

§ U.S. Geol. Surv., vol. iil. 

§{ Lakes of the Lahontan Basin. Monog. U.S. Geol Survey, 

** De Chancourtois, Bischof, voli., p. 94. 

44+ Roth., Chem. Geol. p. 465. 


CHAPTER IV. 


CORAL ISLANDS AND REEFS. . 


A.—DISTRIBUTION AND NATURE OF CoRAL REEFS. 


Coralline limestones are widely distributed throughout 
certain parts of.the ocean at the present day, and are of 
frequent occurrence amongst strata of past geological 
times. 


It has long been observed by naturalists that coral reefs 
and islands are restricted to the warmer parts of the ocean, 
and, therefore, absent from others; and their conditions 
of existence have been studied and very generally recog- 
nized.* Their appearance in the central portions of the 


The chief authorities are C. Darwin, Structure and Distribution of Coral Reefs 
(1874); Ehrenberg, Poggend. Annal, Vol. 41; Jukes, Voyage of H. M. S. Fly 
\ 1842-46); Haeckel, Fourney to Ceylon; Dr. J. Murray, of the Challenger Expe- 
dition, Proc. Roy. Soc. Edinb. 1880 ; Lyell, Principles of Geology, Vol. ii. (Edit. 1872). 
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Pacific and Indian Seas, rising but slightly above the 
surface, far remote from land, and exposed to all the 
fury of the breakers, has produced astonishment in the 
minds of beholders, anda strong desire to investigate 
their structure and conditions of environment. 


These remarkable structures consist of masses of cal- 
careous rock, forming the abode and skeletons of the coral 
animals or polyps by whose agency they are built up, 
and are distributed throughout the Pacific, Indian, and 
Central Atlantic Oceans, where the waters are clear and 
free from sediment, and where the temperature never falls 
below 66 degrees Fahr. These two conditions, namely, 
those of purity and warmth, are essential to the existence 
of the coral-builders; and on this account their structures 
are absent from the colder regions of the ocean, and from 
the mouths and estuaries of large rivers, where the waters 
are liable to be charged with muddy sediment. 


B.—Forms oF CoRAL REEFS. 


According to Charles Darwin, coral reefs are capable 
of being grouped under three great classes, namely :— 
(1.) Atolls (or lagoon islands) ; 
(2.) Barrier-reefs ; and 


(3.) Fringing-reefs. 


104 Physiography. 


B wei (7 TE. 


Z ty 


A B Z LF = 


WE 


ye 8B ~-8 


all \ Yj IP teu u ty 7 ay Zap SUT AN 
jG 2 


B 
YY 


Sip 


GY 


Fic. 6.—SECTIONS TO SHOW STRUCTURE OF CORAL ISLANDS. 


No. 1.—Section of Vanikoro Island. 
No. 2.—Section of Gambier Island. 
No. 3.—Section of Maurua. 


The horizontal line is the sea level, from which, on the right, a 
plummet descends representing 200 fathoms. The light oblique 
shading shows the section of the land, and the darker vertical 
shading that of the coral rock. A A, are the outer edges of the reef 
whereon the sea breaks. BB, the shore of the encircled islands. 


(1.) The atolls are found in large numbers in the 
Central and Western Pacific, and Indian oceans.* They 
consist of rings of coral rock of various forms and dimen- 
sions, generally with one or more gaps through which 


* G. C. Bourne on the Atoll of Diego Garcia, &c., Proc. Roy. Soc., March, 1888. 
Atolls are absent from the West Indian region, which are characterised by 
fringing-reefs. 
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the waters of the ocean find access to the interior, which 
consists of a shallow cup composed of either dead coral- 
rock, shells, or of delicately branching varieties of living 
coral. These rings of rock rise a few feet above the surface 
of the ocean, against which the surf is usually breaking 
even when there is a perfect calm. Cocoa-nut palms and 
other plants occasionally find a footing on the ridge, 
forming a ring of stately trees, which at a distance seem 
to rise directly out of the ocean. The seeds and nuts of the 
palm have been carried from other lands by the currents, 
and thrown up on the atoll bank by the waves, in a way 
which Mr. Darwin has very clearly described in the case 
of Keeling Island. | 


Outside the atoll the water descends rapidly to great 
depths, and the surface of the rock is covered by living 
polyps of the kinds suited to flourish amidst the breakers 
and oceanic currents. From the soundings made by 
Captain Fitzroy on the steep exterior wall of the Keel- 
ing Atoll, it was found that, within ten fathoms, the pre- 
pared tallow at the bottom of the lead invariably came up 
marked with the impressions of living corals ; as the depth 
increased the impressions became less numerous, and 
particles of sand became more and more abundant; until, 
at last, it became evident that the bottom consisted of 
smooth sandy layers. From these and other observations 
it has been inferred that the reef-building polyps are 
restricted to a depth of 20 or 30 fathoms, in which the 

H 
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water is highly aérated, and other favourable conditions, 
such as that of temperature, are prevalent. Atolls of 
the Pacific vary in size from half-a-mile to fifty miles 
across. 


A remarkable variety of atoll is one in which the great 
ring of coral-rock is itself composed of lesser rings. Of 
this variety the grandest example, perhaps, is that called 
Tilla-dou-Matte, one of the Maldive group, in the 
Indian Ocean. This is a large atoll composed of a 
number of secondary atolls which combine to form its 
rim, each having its own central lagoon. ‘The Tilla- 
dou-Matte itself: contains a vast lagoon, from which rise 
a few secondary atolls with lagoons of considerable depth. 
Mr. Bourne, who describes this remarkable group of 
coral islets, considers that this compound atoll has 
originated in a form resembling that of the Great Chagos 
Bank.* 


(2.) Barrier-reefs consist of a wall of coral rock running 
along the shore of a large island or continent, of which 
the most remarkable examples are those on the north- 
east coast of Australia, and on the western coast of New 
Caledonia. The distance from the coast necessarily 
varies with the amount of downward slope of the sea-bed. 


* G. C, Bourne, supra cit., p. 104. 
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Where the slope is steep, the reef approaches the shore; 
where it is slight, the reef recedes; and on the outer side 
the reef plunges down into deep water. 


(3.) Fringing-reefs, or as they are sometimes called 
‘“‘ shore-reefs,’’ only differ from Barrier-reefs in not having 
an interior channel of deep water; and of this class the 
reefs which fringe the island of Mauritius offer good ex- 
amples.* Theyextend round its whole circumference, with 
the exception of two or three places where the coast is 
almost precipitous ; and where, if, as is probable, the 
floor of the sea is of a similar nature, the coral would 
have no foundation on which to become attached. 


The great barrier-reef of Australia follows the north- 
eastern coast for a distance of about one thousand miles, 
its average distance from the coast being between 
twenty and thirty miles, but, in some places, as much as 
ninety. The great arm of the sea thus included is from 
ten to twenty-five fathoms deep, with a sandy bottom; 
but towards the southern end, where the reef is further 
from the shore, the depth is greater. The sea outside 
the reef is profoundly deep.t 


* C. Darwin, loc. cit, p. 69. 


+ Flinder’s Voyage to Terra Australis, Vol. ii., also Jukes’ Narrative of the 
Voyage of H. M.S. Fly, Vol. i. (1847). 


108 Phystography. 


C.—REEF-BUILDING POLYPS. 


The reef-building polyps are restricted to a depth of 
20 or 30 fathoms, and flourish chiefly just below the range 
of the breakers, in waters highly charged with air. They 
belong chiefly to the Astreide, Poritide, and Madre- 
poride ; along with which are the Millepora, formerly 
placed amongst the tabulate corals, but since referred by 
Professor Agassiz to the Hydrozoa. Dr. Murray states 
that the coral reef grows more rapidly on the windward 
than on the opposite side of the reef or atoll, because the 
current produced in the surface water by the prevalent 
winds comes laden with the food on which the polyps 
subsist, consisting of algz, foraminifera, radiolaria, 
infusoria, hydrozoa, medusz, crustaceans and other 
forms. On these the reef-building animals thrive, and 
they afford the carbonate of lime necessary for the con- 
struction of their stony skeletons.* 


D.—Darwin’s THEORY OF A SUBSIDING CONTINENT. 


After an extensive examination of the coral reefs 
and atolls of the Pacific, Mr. C. Darwin came to the 


* From four experiments made by the officers of the Challenger, it was found 
that the calcareous shells and skeletons of these animals, taken from the open ~ 
ocean, sufficed to provide lime-carbonate to the extent of 16 tons to one square 
mile of water, 100 fathoms deep. 
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conclusion that they were built on the higher elevations 
of a subsiding continent. He inferred that, as the suc- 
cessive heights were submerged, they were seized upon 
by the coral-builders, who converted them, first into 
barrier reefs, and ultimately into atolls; the upward 
growth of the coral masses having, on the whole, kept 
pace with the progress of the subsidence of the original 
land-surface.* This grand generalization was, until 
lately, almost universally accepted by naturalists, being 
in harmony with what we know of the interchange of land 
and sea in past geological ages; for, as South America 
has been upraised to a large extent out of the ocean in 
late Tertiary times, as shown by the position of shell beds 
and coral limestones at considerable elevations, it may be 
inferred that portions of the bed of the adjoining ocean 
existed in the condition of land-surfaces, at a time when 
S. America was very largely submerged.| Darwin’s 
conclusions have, however, been recently called in ques- 
tion by Dr. J. Murray, of the Challenger Expedition, who 
considers that the majority of the atolls are built upon 
submerged banks composed of the débris and skeletons 
of marine animals; while others are planted upon the 
summits of volcanic mountains, partially or altogether 
submerged. In such cases, where the bank, or volcanic 
summit, comes within the shallow envelope of water 
required by the reef-building polyps, these plant themselves 


* Naturalist’s Voyage, p. 465 et seq, and Coral Islands. 


+ In Peru, recent coral limestones occur at a level of 3,000 feet above the ocean, 
as shown by Alex. Agassiz, Bull. Mus. Comp. Zool., Vol. iii. 
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thereon, and commence their operations, which are con- 
tinued till the reef reaches the surface. In some cases itis 
inferred by Dr. Murray that the summits of the volcanic 
craters have themselves, in the first instance, been prepared 
for the reception of coral rock, by the deposition of organic 
and other sediments.* The evidences of upheaval rather 
than of depression, amidst the Pacific Islands, are in some 
places unquestionable, as shown by Dr. H.B. Guppy, in the 
case of the Solomon Islands.+ But such casesneed only be 
considered as local oscillations in a region where volcanic 
action is prevalent ; and we must recollect that evidence 
for submergence is seldom accessible to observation. 
Amidst such a conflict of authoritative opinion, is it not 
possible to find an explanation which shall be at once 
compatible with observation, and also fall in, to some extent, 
with the views. of these naturalists, which are so much 
entitled to our respect ? Tothe author it does not appear 
that the views of Darwin and Murray are wholly irrecon- 
cilable. Why, after all, may we not suppose that the 
volcanic mountains and banks of organic materials are 
themselves planted on a floor formed by the surface of a 
continent, which once occupied the region of the Central 
and Western Pacific? For such a conclusion the evidence 
seems all that is necessary, and is consistent with the 
theory of reciprocal interchange of level between con- 
tinental surfaces and adjoining oceanic beds, of which 
geological phenomena afford numerous examples. 


Proc. Roy. Soc. Edin, (1880),p. 505-9. 
+ Guppy, The Solomon Islands: their Geology, p. 25 (1887). 
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THE *&TIDES. 


A:—CHARACTER OF ‘THE. TIDES.: 


The daily ebb and flow of the tides is an occurrence 
familiar to most of the inhabitants of the British Isles 
from childhood, and the time of high and low water can 
be calculated, and is actually predicted in our almanacs, 
because this ebb and flow is governed by known physical 
laws. If we take up a position on a slightly shelving 
strand when the tide is setting in, and the surface 
of the sea is smooth, we can then watch the ripples or 
little waves as they break on the shore. If, then, we 
mark on the sand the limit to which one of these waves 
spreads upwards, we shall find that the second or third 
wave following it will send its waters still further; and 
this will constantly recur till the upper limit of the tide has 
been reached, and the -reverse process comes into play. 
In this case every second or third wave falls a little short 
of the preceding one, till the limit of low water is 
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reached. Two returns of high tide, with intervening 
periods of low tide, recur about every 24 hours; and as 
this is the period of the rotation of the earth on its axis, 
the tide has evidently some connection with this rotation. 


B.—ATTRACTION OF THE SUN AND Moon. 


That there is a dependence between the tides and 
the position of the sun and moon was known to ancient 
philosophers; but Sir Isaac Newton, in his Principia,* 
first laid down the laws of the tidal wave, and his views 
were still further elaborated by Laplace, who showed, by 
calculations founded on observations made on the west 
coast of France, that except where foreign influences, 
such as storms, chance to interfere, not only the times, 
but also the inequalities in height of the tidal waters, at 
any place, may be known by calculation beforehand.+ The 
tides are unquestionably due to the difference of the at- 
traction of the moon, as also of the sun, at places on the 
surface, and at the centre of the earth. The attraction of 
those bodies varies inversely as the square of the distance, 
and therefore the said difference (which is the tidal force) 
inversely as the cube of the distance. Hence, owing to 
the very much greater proximity of the moon, her 
differential attraction is greater, and the tides are 


* Newton, Phil. Nat. Princip. Mathem. Tom. iii., Prop. xxiv. (Edit. 1782). 
+ Laplace, Mécanique Céleste, Vol. ii., (Bowditch Ed., 1832). 
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more largely the result of her attraction than that of the 
sun, although her mass is so much smaller. As the 
earth revolves on its axis from west to east, every meri- 
dian of longitude is successively presented towards the 
moon, and thus that part of the surface is drawn up by 
her attractive force. When the part facing the moon 
consists of the ocean, the attraction of the waters to- 
wards the centre of the earth is lessened, so that the 


surface rises above the normal level, and forms a wave 


which follows the (apparent) course of the moon in its 
diurnal rotation. Owing, however, to the time of revolution 
of the moon round the earth, in the same direction as 
the earth’s rotation, the lunar day is somewhat longer 
than the solar, being about 24 hours 50 minutes, conse- 
quently the tidal wave varies, from day to day, its time 
of arriving at any given meridian; or, in other words, 
each successive tide being later than that ofthe preceding 
day.* Thus, if it is high-water to-day exactly at noon, the 
flood will not be full till about 10 minutes to 1 p.m. to- 
morrow. After about fourteen days we shall have high 
water again at noon; and, when the moon has fulfilled 
her journey round the earth, the third noonday flood will 
again recur. The velocity of the tidal wave varies with 
the latitude ; so that from the known circumference of the 
earth it is easy to calculate that a wave, travelling round 
a globe such as ours covered by water, would have a 


* Laplace has calculated that the retardation of the tides varies with the declina- 
tions of the bodies, being greater in the syzygies of the solstice than in those of 
the equinoxes, in the ratio of 8to 7. Mécan. Céleste, p. 792. (Edit. 1832). 
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velocity of over a thousand miles an hour at the equator, 
while in the latitude of Greenwich the velocity would be 
about 600 miles an hour. Owing, however, to the ob- 
structions to the path of the tidal waves of our globe 
caused by the great continents of Africa and America, 
which are projected right across this path, and to the 
variable depth of the ocean itself, irregularities both in 
the direction and velocity of the wave are produced of such 
complexity that the rigorous examination of the problem 
of the tides is altogether beyond the power of mathe- 
maticians.* 


There is little difficulty in understanding the mode of 
formation of the tidal wave on the side of the earth 
facing the moon; but as there are two tides in about every 
24°8 hours it is evident that a second wave must be 
formed on the side of the globe directly opposite to the 
first. The cause of this may not seem so apparent at 
first sight; but the explanation is as follows :—The at- 
traction of the moon is strongest on the earth’s surface next 
the moon, less at the centre, and less again on the parts 
beyond the centre; so that the solid body of the earth, 
which is attracted as though it was condensed into 
its own centre, is more powerfully attracted than the ocean 
water on the off side from the moon, and is drawn away 
from that water; and, thus, an effect is produced similar to 


* On this point, see Article by Prof. C. H. Darwin, on The Tides, Encyc. Brit., 
gth Edit. For simplicity we have, as is usually done, taken the tides as statical, 
not as dynamical; the latter, in a universal ocean less than 14 miles deep, would 
have Jow tide under the moon (or sun). 
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that which would result if another moon was attracting 
the water from the opposite side. Thus, there is a bulg- 
ing of the parts of the ocean which are antipodal to each 
other, and between the two are the tracts of low tide, 
where the waters are drawn inwards by the same in- 
fluences which cause the tidal waves—the inward-draw- 
ing force being one-half of the other. 


C.—THE SyYZYGIES AND QUADRATURES. 


Hitherto we have only considered the effect of the 
moon’s attraction, but (as already observed) the sun also 
produces a two-fold change in the tides in consequence of 
its (apparent) daily motion round the earth. Its strength, 
however, is not so much as one-half that of the 
moon, the proportion being nearly.as 2 to 5; because, as 
above intimated, notwithstanding the great mass of the 
sun, its vastly greater distance renders the difference of 
its attractions on different parts of the earth much less 
than in the case of the moon. On the recurrence of the 
syzygies, when the attractions of the sun and moon are 
in the same line, the highest tides (called ‘ Spring 
tides)”” are produced. Hence at the times of new 
moon (when the moon is between the sun and the earth), 
and at full moon (when the earth is between the sun and 
the moon), we havea recurrence of spring tides; as under 
such conditions the two bodies act in concert, and the 
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actual tide is the sum of the lunar and solar tides.* On 
the other hand, when the sun and moon are apart by a 
quarter of a circle (go°) during the quadratures, the moon 
flood corresponds in time with the ebb due to the sun; 
and this counter-action has the result of reducing the 
tides to their lowest magnitude, the actual tide being 
the difference only of the lunar and solar tides. 


D.—EFFECT oF DEPTH OF THE OCEAN. 


Laplace has demonstrated that the depth of the water 
has an effect upon the height of the tidal wave;+ and, that 
the greater the sea, the more sensible will be the tides. Ina 
fluid mass, the impressions which each particle receives are 
communicated to the whole. Hence the action of the 
sun, which is insensible in an isolated particle, produces 
in the ocean such remarkable effects. On this account 
the ebb and flow of the tides are insensible in lakes and 
inland seas such as the Caspian. Even in the Mediter- 
ranean the tides are very slight or inappreciable. 


E.—A LarGeE ExPpANSE OF WATER NECESSARY FOR A 
TipAL WAVE. 


The formation of a complete tidal wave requires that 


* This subject is very clearly put in Prof. Buff's Physics of the Earth, Ed. by 
Dr. Hofman, (1851.) 


+ Mécan. Cél., Volii., p. 650. 
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the moon (or the moon and sun together) should be in 
the zenith of some position on the ocean, while for two 
other points they should be on the horizon; at such latter 
points the tide is lowest just when it is highest at the 
former; hence a large expanse of water is necessary. 
Even the Atlantic Ocean is not broad enough for the for- 
mation of a tidal wave of first magnitude.* The breadth 
of this ocean near the equator is only about 45°, or one- 
eighth of the circumference of the earth. It is only the 
mighty Pacific Ocean, whose immense expanse of surface 
embraces nearly half the globe, which has a breadth 
sufficient for the production of a perfect tidal wave. 
Hence this ocean is the chief source of the tides; and the 
wave formed near the American shore moves grandly 
across towards the west till it reaches the Indian Archi- 
pelago and the Australian coast, where its course is broken 
by the land, and it is obliged to force its way into the 
Indian Ocean to the north and south of Australia. 


P—T HE ATLANTIC TIDAL WAVE. 


The most important offshoot of the tidal wave is that 
which moves northwards into the North Atlantic. Owing 
to the configuration of the continental lands on either 
side, the course of this wave is constantly deflected 


* Airy, however, considers that the Atlantic basin is too large for us to neglect 
the direct tidal action, and that the tides of this ocean derive very little of their 
character from the Pacific wave. Tides and Waves, Encyc. Metrop. 
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towards the east from its normal direction, so as ultimately 
to describe a curve, which, along the coasts of the British 
Isles and Scandinavia, takes an easterly direction, directly 
opposite to that with which it started. This wave works its 
way into the Irish Sea and the North Sea, by two branches 
moving from the north and south respectively, so as to 
meet and intersect within the areas of these inland seas 
themselves. The wave which leaves the equator takes 
12 hours to reach the Orkneys, and 12 hours more to 
reach the Arctic Ocean, off the coast of Novaia Zemlia. 


When a free wave runs into shallow water it travels 
with less velocity and its height is increased; the con- 
nection, also, between the velocity and the depth is known. 
If the Atlantic wave could be considered as a free wave 
generated in the Pacific Ocean, its velocity of 250 miles 
an hour would correspond to a depth of 18,000 feet. In 
the North Sea the wave appears to travel, according to 
Professor G. H. Darwin, about 45 miles an hour, which 
corresponds to a depth of 140 feet; this is about the 
mean depth of that arm of the ocean. 


G.— Co-TIDAL” Lines: 


A convenient mode of representing the direction and 
rate of travel of the oceanic wave is accomplished by 
drawing on the map of the world certain lines, called 
Co-tidal lines, which show the position of high water at the 
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same time in adjacent parts of the ocean, and at intervals 
of one hour. The line in each case may be considered 
as representing the summit of the tidal wave; and as the 
distances between any two lines represent the time of one 
hour, they will be found to vary according to the rate of 
progress of the wave; in other words, the distances will 
be inversely as the rapidity of motion. As the rate of 
motion is greatest over the open and deep oceans, the 
distances of the co-tidal lines will here be found greatest; 
on the other hand, when the sea becomes shallow, as 
along the eastern coast of Patagonia and the Indian 
Archipelago, the co-tidal lines are more or less crowded. 


Co-tidal lines were first invented by Lubbock and 
Whewell, and founded on a large number of observations 
of tides, taken at ports and stations over the globe.* 
Their maps have been somewhat modified, but form 
the basis of all that have since been produced. It should be 
observed, however, that the co-tidal lines in some parts of 
the ocean are not as clearly determined asin others. Sir G. 
Airy states that, while the co-tidal lines of the North 
Atlantic are accurately drawn, those of the South Atlantic 
are doubtful, and those of the Pacific east of New Zealand 
only conjectural. As the tidal wave has its origin off the 
western coast of South America, the course of the wave 


* Essay towards a first approximation toa Map of Co-tidal Lines, by Rev. W. 
Whewell, F.R.S., Phil. Trans., Vol. 124, p. 147 (1833). Sir George Airy in the 
Art. Tides and Waves, Encyc. Metrop., gives another map of co-tidal lines of the 
world. 
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is both west and east, and the consequent numbering of 
the hour lines is in opposite directions; the latter is, of 
course, the dominant one, the former the result of reflex 
action. 


H.—VERTICAL RISE AND FALL OF THE TIDES. 


In the open ocean the rise and fall of the tide is but 
slight. Thus at Otaheite the highest tides do not rise 
more than eleven inches, and at the Sandwich Islands 
only thirty inches.* At St. Helena they do not rise 
more than three feet; at Martinique not above eighteen 
inches; and in the West Indies generally not above four 
feet. In the Western Pacific, as for instance among the 
Solomon Islands, the range of ordinary tides varies 
between 2 feet, and 2 feet 3 inches; except in narrow 
channels, where the waters are hemmed in, and the rise 
and fall are greater.| Where, on the other hand, the 
tidal wave runs into shallow water, and within narrowing 
coast-lines, the height between low and high water is 
greatly increased. Thus, in the Bay of Fundy, between 
Nova Scotia and New Brunswick, the highest tides rise 
60 or 70 feet, while at the entrance to the Bay they only 
rise nine feet. On the coast of Europe, the Bay of St. 
Malo presents remarkable contrasts during the alternation 


* Buff, loc. cit., p. 18. 
+ Dr. H. B. Guppy, Solomon Islands: their Geology, &¢., pp. 134-6 (1887). 
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of the tides. At low water St. Malo itself seems to be sur- 
rounded on three sides by wild craggy rocks, covered with 
mussels and sea-weed, from amongst which rise up the lofty 
walls of the town. A fringe of sea-weed marks upon the 
rocks the line which must be reached by the sea, whose roar 
is only heard in the distance. And now, a few hours later, 
how changed is the scene! The town is almost entirely 
sea-girt. The waves are beating round the walls, breaking 
at their feet, and throwing the spray sometimes to their 
very top. The only communication with the land is now 
afforded by a long causeway, the work of man, and the 
cliffs which some time since were left high and dry are 
now hidden from view. ‘The harbour, left dry at low 
water, forms, at flood time, a basin ample enough for 
several thousand vessels. 


The phenomenon known in the Bristol Channel as 
‘“The Bore” is another result of the entrance of the 
tidal wave into a narrowing and shelving strait direct 
from the outer ocean. Entering the channel with a high 
velocity, the wave is impelled forward, and advanc- 
ing up the estuary of the Severn, over the shelving 
shore, rises like a ridge above the surface, and breaks on 
the banks with dangerous effect. Similar remarkable 
results are produced in the Runn of Cutch in India, in 
the mouth of the Amazon in America, as well as in the 
Bay of Fundy, already referred to. Where two tides 
meet, as in the Irish Sea off the coast of Lancashire, the 
effect is intensified ; on which account the rise and fall of 

I 
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the tides in the Mersey, at Liverpool, amount to no less 
than 26 feet (spring) and 20 feet (neap); and special 
arrangements, by means of floating stages, are required 
for communicating with vessels anchored off the pier. 
At Holyhead the rise and fall amount to 16 feet (spring) 
and 12 feet (neap); at Dublin, 12 to.14 feet (spring) and 
g to 11 feet (neap). 


I.—TIDAL RETARDATION OF THE EARTH’S ROTATION. 


A comparison of recent with ancient eclipses of the 
moon goes to show that the earth’s axial motion is being 
retarded when tested by the revolution of the moon; or 
else that the moon is now going faster than formerly ; 
or both together. ‘The moon’s revolution is unquestion- 
ably being accelerated, and Laplace considered that this 
was sufficient to account forthe discrepancy. But Mr. J. 
Couch Adams has shown that it is only sufficient to 
account for half the discrepancy; and that, therefore, 
there must be a real retardation of the earth’s motion on 
its axis. ‘The contraction of the earth’s crust due to 
secular cooling, and consequent acceleration, is appar- 
ently overpowered by the action of the tides, which are 
regarded by astronomers as the agents in causing the 
retardation. 


In ancient geological times, when the contraction 
(expressed by much flexuring and folding of strata) was 
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more rapid than at present, the acceleration of the earth’s 
rotation due to this may have been equal to the retard- 
ation caused by the tides, notwithstanding that the tides 
were more powerful, owing to the greater proximity of the 
moon. Both forces (those of acceleration and retardation) 
have been growing weaker down to the present day, 
when the balance appears to be on the side of the 
retarding force. 


CHAPTER VI. 


OCEANIC CURRENTS. 


A.—THEIR NATURE. 


The waters of the ocean are in a state of constant and 
universal circulation, which has a most beneficial effect 
on the climate of various parts of the globe, as tending to 
equalize the temperature over the surface of the conti- 
nents, in distributing moisture, and in preserving uni- 
formity in the constitution of the waters themselves. 
Speaking generally, the effect of oceanic circulation is to 
transfer the warm waters of the equatorial to the polar 
regions; and conversely, to cause the colder waters of the 
polar regions to move towards the equator. 


B.— DIRECTIONS OF CURRENTAL MOVEMENT, 


Were the whole surface of the globe covered by water, 
a broad belt of the ocean on either side of the equator 
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filling up the entire width between the tropics, would 
be constantly moving towardthe west, in consequence of 
the operation of the Trade winds (See page 138), but owing 
to the obstacles to its course presented by the east coast 
of South America, by the East Indian Archipelago, and 
by the coast of Africa, the progress of such a stream is 
interrupted and the equatorial currents are obliged to 
break their course, being deflected both towards north and 
south, giving rise to three double systems of circulation, 
by which the warm waters of the equatorial regions 
are carried into the temperate zones. 


C.—CAUSE OF OCEANIC CURRENTS. 


It is now generally conceded that, as Herschel has 
demonstrated, the proximate cause of the equatorial 
current is the Trade winds; and the ultimate cause, the 
sun’s heat acting upon the air of the inter-tropical regions 
over the surface of a rotating globe. The origin of the 
Trade winds themselves will be presently explained ; but 
a comparison of a chart showing the direction and extent 
of these winds with another showing the direction 
of the equatorial currents, will suffice to illustrate resem- 
blances between the two phenomena, and to afford pre- 
sumptive evidence of their direct connection. The 
secondary currents which branch off in various directions 
are largely governed by the prevalent winds of special 
seas; so that, as Dr. Croll observes, the proper view 
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regarding oceanic currents is that according to which 
they are considered as members of one grand system, 
due to the combined action of all the prevailing winds of 
the globe, forming one system of circulation.* 


¢ 


D.—TuHE THREE GREAT PRIMARY CURRENTS. 


Owing to the causes above explained the equatorial 
current gives rise to Three Primary Double Currents, 
which may be thus described. 


(1.) The Atlantic Equatorial. 


This is a double current: the Northern tributary having 
its origin off the coast of Morocco, from whence it 
moves westwards towards the West Indies, where it 
joins its waters with the southern tributary called the 
South Equatorial Current. This latter moves westward 
across the Atlantic, along latitude 5° S., in a belt of 
forty-five miles in breadth, at an average rate of thirty 
miles per day, and with a temperature of 73° Fahr. 
Opposite Cape S. Roque it divides; one branch 
proceeding southwards along the South American coast 
to form the Brazil current, the other moving onwards 
towards the Caribbean Sea and Gulf of Mexico, and 
ultimately giving origin to the Gulf Stream. 


* Croll, Climate and Time, p. 212. 
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(2.) The Pacific Equatorial. 


This is also a double current. The North Equatoria!, 
originating in the tract lying between latitudes 15° and 30° 
N., and moving westwards, divides into two arms off the 
coast of China and the Philippine Islands. The South 
Equatorial, originating off the coast of Peru, and moving 
westwards towards the Australian coast, gives origin to a 
counter current along the line of the equator.* 


(3.) The Equatorial Current of the Indian Ocean. 


This current moves westward along latitude 15° S., 
and is divided opposite the African coast. The current 
has no counterpart north of the equator, owing to 
the position of the Asiatic lands. One branch of this 
current crosses the equator and enters the Arabian sea ; 
the other flows southward through the Mozambique 
Channel, and washes the African coast as far as Algoa 
Bay. A third branch takes a southerly course off the 
eastern coast of Madagascar. 


From the above considerations it will be seen that 
the general tendency of all these great oceanic move- 
ments is, owing to the position of the continental lands, 


* The currents of the Western Pacific are very complicated and can best be 
studied by reference to a physical map. 
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to produce a double set of rotatory currents, each set lying 
on opposite sides of the equator. 


E.—TuHE GuLF STREAM. 


Amongst all the currents of the ocean thereis none which 
has attracted such general interest as that known as 
‘The Gulf Stream,” in consequence of its important in- 
fluence upon the climate of Eastern America, the British 
Islands and Western Europe. It is not too much to say 
that, were it not for the calorific effect of this stream on 
the temperature of these latter countries, their climate 
would closely resemble that of Canada north of the Gulf 
of St. Lawrence. The amount of heat carried by this 
stream into British waters has so marked an influence on 
the climate, that the mean annual temperature of these 
islands is higher than that due to latitude by about 12° 
Fahr. This will be clear upon consulting a map with 
isothermal lines. (See Plate VII.) 


The Gulf Stream has its origin in that arm of the South 
Equatorial Current which branches off opposite Cape 
S. Roque, and, flowing along the coast of Guiana, 
enters the Caribbean Sea and the Gulf of Mexico. 
Throughout this part of its course the stream receives a 
large accession of heat, the surface temperature opposite 
Cape S. Roque being 73° Fahr., while on issuing forth from 
the Gulf of Mexico the temperature has risen to 862 


. 
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MAP OF THE N. ATLANTIC OCEAN, 


Showing the Course of the Equatorial Currents, and of the Gulf Stream. 
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Fahr., being an accession of thirteen degrees. While 
flowing through the Straits of Florida the Gulf Stream 
is 30 or 32 miles broad, 2,200 feet deep, and its rate of 
motion no less than four miles an hour, or ninety-six 
miles a day. Off Cape Hatteras the breadth is about 75 
miles, and the temperature on a winter’s day may be 80% 
at the surface; at a depth of 500 fathoms the tempera- 
ture falls to 57°. According to Capt. Maury, the bottom 
of the Gulf Stream flows upwards along an inclined plane 
from the narrows of Bemini towards the Mid-Atlantic 
region.* In the Mid-Atlantic the Gulf Stream has a 
breadth of over 300 miles, a depth of 1,000 feet, a mean 
temperature of 65% Fahr., and a velocity of four miles an 
hour. + 


On reaching long. 20° W., the stream divides; one 
branch entering the Arctic Ocean, where its effects are 
felt in a considerable elevation of the temperature above 
that due to latitude; the other returning southwards by 
the coasts of Spain and Africa, and ultimately taking a 
westward direction under the action of the N. E. Trade 
Wind, and joining the South Equatorial Current (as 
already stated) enters the Caribbean sea, thus completing 
its circuit. 


* Maury, Physical Geography of the Sea, p. 28. 


+ Haughton calculates that the Gulf Stream carries into the Temperate and 
Arctic regions more than one-twelfth of the total heat received yearly by the Torrid 
Zone from the sun. 
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F.—THE. SARGASSO“ DEA. 


The centre of the circuit thus formed is occupied by an 
immense floating island of sea-weed, known as the ‘ Sar- 
gasso Sea,” formed chiefly by masses of the Sargassum 
bacciferum, which, being in the centre of a whirlpool, 
seldom escape into the outer current. The position of 
this floating island is between long. 25° and 65° W. and 
lat. 18° and 21° N., and it affords a home for myriads 
of molluscs and crustaceans.* The habitat of the Sar- 
gassum is in the Gulf of Mexico. 


G.—CAUSES OF THE GULF STREAM. 


The motion of the waters of the Gulf Stream is due to 
the following causes :— 


(1.) The piling up of the waters in the Gulf of Mexico, 
which forces them to find an outlet through the Straits of 
Florida. 


(2.) Owing to the position of the Bahama banks and 
the Florida coast line, the waters, on leaving the straits, 
receive a momentum in a direction nearly due north. 


* When the ships of Columbus encountered this floatirg island, on their way 
towards the New World, the crew supposed they were approaching land. 
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(3.) Having passed the Promontory of Florida, the 
direction of the coast changes to North-East as far as Cape 
Hatteras; thus, the direction of the current is necessarily 
changed, and as it proceeds, its course approaches more 
and more an easterly one. This eastward motion is due 
in part to the rotation of the earth and the change of 
latitude, and also to the impulse produced by the anti- 
trades. The division of the Gulf Stream into two 
branches in long. 20° W. is caused by the position of 
the marginal lands of Western Europe, the British Isles, 
and Northern Africa. 


The observations made by the officers of the U.S. 
Navy, collected and systematized by Lieut. Maury, have 
shown that, throughout its course over the central Atlantic 
region, the Gulf Stream flows in a channel of cold water 
which extends down to the very floor of the ocean.* 
This cold water has its origin in the polar seas, and is 
constantly moving southwards along the coast of Green- 
land; and, owing-to its greater density, it necessarily 
sinks below the warmer and lighter waters of the Gulf 
Stream. It isin this way that a counter current is set 
up, to supply the loss caused by the surface movement of 
the warmer waters towards the Polar regions in the 
notthern hemisphere; and observation proves that a 
similar process is in operation over the region of the 
southern hemisphere. Some details on this subject will 
now be given. 


* Maury, Physical Geography of the Sea, Edit. 1856, p. 49. 


CHAPTER VII. 


OCEANIC TEMPERATURES. 


A.—INTRODUCTION. 


Observations recently made on the temperatures of 
the deeper parts of the ocean all concur in showing that 
there is a constant flow of Arctic and Antarctic waters 
towards the warm zones, constituting, with the flow of 
warm waters in the opposite directions, a kind of ‘ ver- 
tical circulation”’ of these waters. It has been found, in 
effect, that when once we descend to a depth beyond 800 
or goo fathoms, the temperature falls to a point not 
much removed from that at which water freezes. Not- 
withstanding the cold, however, these depths are inhabited 
by molluscs, crustaceans and echinoderms, similar to 
those found in the polar seas. 


The inference that a general low temperature of oceanic 
water prevails at some depth from the surface all over the 
globe first originated with Sir James Clark Ross, and has 
been more recently affirmed by Dr. Carpenter and others ; 
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amongst whom may be mentioned Professor Lovén, of 
Stockholm, from results arrived at from deep-sea dredg- 
ings carried out under the Danish Government, by 
Professor Torrell, in 1861. 


B.—TEMPERATURE OF THE NortH ATLANTIC AND 


OTHER WATERS. 


In the North Atlantic a temperature of 40 degrees 
Fahr. is reached at a depth of about 800 fathoms, and 
the waters below this gradually decrease in temperature 
down to that of freezing point. Similar results have 
been determined in other parts of the world, both north 
and south of the Equator; from which it becomes evident 
that the warm waters, such as are found in the Gulf 
Stream and the great Equatorial currents, are only of 
shallow depth, and that the great mass of oceanic water 
is in reality exceedingly cold. Now, as the warm super- 
ficial waters of the Equatorial regions are constantly 
flowing off on either hand towards the Poles, it follows 
that they must be replaced by the cold waters of the 
Arctic and Antarctic regions; hence we have an evident 
cause for the low temperature of the deeper waters of the 
ocean. 


Some special cases of temperature soundings may now 
be given in illustration of the above statements :— 
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(1.) North Atlantic, 300 miles S.W. of Cape Clear. 
(Obtained by officers of H.M.S. ‘ Porcupine,”’ 1869.) 


Surface temperature of water 


54° Fahr. 
Water at 100 fathoms hese cre 
* r000° %; faa ee ee SRO, aay as) 
fy aed BOK es BM Bes Sree silt . cold 


(2.) North Atlantic, off Cape St. Vincent. 


(Conducted by Dr. Carpenter and Capt. Nares in H.M.S. 
‘¢ Shearwater,” 1871.) 


Surface temperature of water 


68° Fahr. 
Water ati roowthome. Shy ios ss a7 ess 
2 ET OOS =, es: BBP 5 | constant 
ie E5500! 4; Ske Semi, AGRE } cold 


(3.) South Pacific Ocean, between Fiji Islands and 
Torres Straits. 


(Obtained in the ‘‘ Challenger”? Expedition.) 
Temperature from 1,300 to 2,650 fathoms found to be 


one of*constant cold at 35° Fahr. 


Similar temperatures prevail in the deeper parts of the 
China Sea. 
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(4.) Antarctic Ocean. 
(By Sir James Clark Ross in H.M.S. “ Venus.”’) 


The temperature at a depth of 1,500 fathoms was found 
to range from 36° to 39° Fahr. (indicated); but corrected 
for pressure, these would be reduced to 29° to 32° Fahr. 


(5.) Mediterranean. 
(Observations made by Dr. Carpenter.) 


In the Mediterranean Sea the temperature of the water 
below 100 fathoms was determined by Dr. Carpenter to 
be nearly constant at 54° Fahr. to the bottom. Outside 
the Straits of Gibraltar, which are only a little over 100 
fathoms deep, the temperature of deep water descends 
to 40°5° Fahr., or 13°5° lower. 


(6.). General Conclusions. 


From these and other examples it may be concluded 
that the central parts of the ocean consist of an upper 
stratum of warm water, a lower and thicker stratum of 
icy-cold water, and an intermediate cushion ranging from 
700 to 1,000 fathoms ; and, as it is impossible to suppose 
that the lower cold stratum derives its temperature from 
the rocky floor of the ocean itself, the conclusion is 
inevitable that these waters come from the regions 
bordering on the Poles. 
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C.—SoutH ATLANTIC OCEAN. 


It may here be observed that the South Atlantic Ocean, 
beyond 45° S. latitude, is not heated, like the seas 
which wash the coasts of Europe, by warm currents. On _ 
the contrary, it is everywhere open to the entrance of the 
cold waters of the Antarctic Ocean, which come into con- 
tact with Polar ice, and with the numerous floating bergs 
which fill the waters in some parts during the summer 
months. In consequence of this, the lands and islands 
bordering the southern ocean—such as Terra del Fuego, 
the Falkland Islands, South Georgia, Sandwichland and 
_others—have a considerably lower temperature than the 
coasts and islands of Europe in similar latitudes. ‘Thus, 
if we compare the temperature of Port Famine in the 
Straits of Magellan, and of the Falkland Islands, with 
that of Dublin—all of which are at nearly similar dis- 
tances on either side of the Equator—we find the fol- 


lowing results*: 


Degrees of Mean Temperature. 
Localities. Latitude. 
Winter. | Summer. Year. 
Dublin» 22° - 26, s-3/°53° °2t N | 302 Pabt. | 663° Fe age 
Port. Famine 5. ...-'| §3° 38°94 93°08" 5, 50°O jn | 43°79 By 
Falkland Islands .. | 52° 0'S | 39°83 ,, | 53°24, .| 46°63. 2. 
Batoe tslands.:. 4.~| 02°" 2°N_ \aprog 2s 52°88,, | 44°78 B. 


* Buff, loc. cit. p. 203. 
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Thus it appears that the climate of Falkland Islands 
differs but little from that of the Faroes, although the 
lattér is ten degrees farther removed from the equator ; 
while the climate of Dublin is considerably warmer than 
that of the Straits of Magellan, both of which are about 
equally distant from that central line.* 


* Observations recorded by Dr. H. Lloyd of temperatures of the sea, taken round 
the Irish coast, go to show that the water is warmer than that of the air all the 
year round, but especially in wintertime. The mean of all the stations, six in 
number, show that in summer the excess of temperature amounts to only 0'7 
degrees, but in winter to 3°3 degrees.— Papers on Physical Science, p.341, 1877. 
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CHAPTER VIII. 


CURRENTS OF THE AIR. 


A.—THE WINDS: THEIR GENERAL CHARACTERS. 


The envelope of air surrounding our globe, and extending 
to a distance of 45 or 50 miles from the surface, is con- 
stantly in motion ; producing not only the variable winds 
and storms which seem to blow where they list, but per- 
manent winds with a constant direction; so that trading 
ships are able to shape their courses with reference to 
them, and hence they are called ‘‘ Trade winds;”’ to these 
we shall first direct our attention. 


B.—THE TRADE WINDS: THEIR POSITION AND ORIGIN. 


On either side of the equator, and extending throughout 
a breadth of about 30° North and South, is a region 
of prevalent winds known as the ‘ North-East” and 
‘South-East Trades.”’ Blowing from opposite directions 
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they. necessarily meet, and enclose a narrow zone o¢ 
stagnant air (the zone of calms or variable winds) called 
‘©The Doldrums.” Along this zone the air ascends, and 
as it rises becomes cooled and rarified, and ultimately 
passes away to the north and south, carrying towards 
the temperate and Arctic regions the warmth of the 
equatorial. This upper current flows at a great elevation 
—never touched by the summits of our loftiest mountains 
—till beyond the limits of the torrid zone. Here, however, 
it descends to lower levels, and is found, for instance, on 
the Peak of Teneriffe, even in summer.* In the tem- 
perate zone this wind gradually reaches the surface (in 
summer in somewhat higher latitudes than in winter), 
and in the North Atlantic regions becomes ‘“‘ the South- 
west Anti-trade,” so prevalent in the neighbourhood of 
the British Isles. 


The existence of the Trade winds, especially of those 
which blow in the Atlantic, has been recognized since the 
discovery of America by Columbus. Their long continu- 
ance caused much fear amongst the Spanish sailors, who 
believed that this everlasting east wind would render 
their return to Europe very difficult. The explanation 
of their origin is due to the astronomer Halley, who 
showed, as far back as 168s, that the currents of air on a 
globe at rest must take directions parallel to the meridians; 
but that these directions must be very considerably altered 


* Buff, loc. cit., p. 216. 
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in the case of a globe, such as ours; rotating on an axis. 
In this latter case, the sun’s heat, warming the region 
of the tropics, causes the rarified and heated air to ascend, 
which in turn produces an in-draught of the cooler air, 
belonging to the extra-tropical regions, to supply its place. 
Now, as the air, thus travelling towards the equator, both 
from the north and the south, comes with an initial velo- 
city of rotation due to the latitude from which it started, 
and as in its course towards the equator it falls short of 
that of the earth, the effect is the same as if it were mov- 
ing in a direction opposite to that of the earth, namely, 
from east to west; in reality, however, it is moving in 
the same direction, but with less velocity. The Trade 
winds, therefore, have a compound motion, the resultant 
of that towards the west, due to a change in velocity 
from change of latitude, and of that towards the equator, 
due to the action of the sun’srays, producing an ascend- 
ing motion of the air along the Doldrums. The effect 
of the friction on the surface of the ocean is to set in 
motion its waters in a westerly direction, giving origin to 
the great Primary or Equatorial Current described in 
Chapter VI. 


C.—REGION OF SoUTH-WESTERLY PREVALENT 
WINDs. 


Lying to the north of the 30th parallel in the northern 
hemisphere is a wide region extending to the Arctic Circle 
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over which south-westerly winds prevail. These winds 
originate in the Doldrums, as already explained; and 
gradually descend from the higher regions of the air, 
carrying with them an easterly velocity of rotation due 
to the equatorial zone, which, being greater than that 
of the earth north of the tropic of Cancer, gives rise to a 
westerly current. North of the arctic circle cold polar 
currents prevail, being drawn southwards by the ascend- 
ing warmer air of the temperate regions. Owing to the 
small initial velocity of rotation, these winds necessarily 
take an easterly direction, and are prevalent in the spring 
months of the year in the British Isles. 


D.—REGION oF NortTH-WESTERLY PREVALENT 
WINDS. b 


This region stretches southwards in the southern 
hemisphere beyond the 30th parallel of south latitude. 
The same causes which produce south-westerly currents 
in the northern hemisphere necessarily operate to pro- 
duce north-westerly currents in the southern temperate 
regions. That portion of the heated air which ascends from 
the zone of calms and variable winds, and moves south- 
wards, ultimately descends towards the surface in the 
south temperate regions, and having an eastward velocity 
of rotation greater than that of these regions, produces a 
westerly current; or, in combination with the southward 
direction, results in the production of a prevalent north- 
west current. South of latitude 60° S. the cold polar 
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winds prevail, which rapidly chill the air of those 
parts of the globe lying beyond the 5oth degree of 
latitude.* 


E.—CyciLones. DistTRIcTS SUBJECT TO THEM. Laws 
OF THEIR MOTION. 


Cyclones, or hurricanes with a rotatory motion, follow 
the same laws which regulate the directions of ordinary 
winds. These laws have been investigated and established 
by Dove, Reid, and Thom,}+ from observations made in 
all parts of the world, and partly derived from the log- 
books of ships in the Indian and other seas. A cyclone 
arises, in the first instance, from the unequal heating of 
a portion of the earth’s surface, causing the air above it 
to ascend, and thus drawing in the air of the adjoining 
regions. Owing to this, such cyclones are frequent 
along the course of the Gulf Stream in the Atlantic, 
and their course and rate of progress is so generally 
understood as to admit of notice being sent by telegraphic 
communication from America of the time at which they 
are likely to strike the shores of the British Isles. In 
such cases, while the centre of the hurricane is moving 
in a definitely north-easterly direction, the air itself is 


* These and other phenomena are admirably shown on Keith Joknston’s 
School Physical Atlas, plate 17, which the student should consult. 


+ The late Dr. A. Thom, when in India, and afterwards in the West Indies, col- 
lected and tabulated an immense number of observations from ships’ log books, by 
which he arrived at a knowledge of the courses of the dangerous hurricanes of the 
Indian and Atlantic Oceans, and drew up a report tor the Indian Government on 
the subject, which was adopted and printed at the public expense. 
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circling round with greater or less velocity, and ascends 
in a spiral course; fresh air is at the same time flowing 
in from the north and from the south to supply the place 
of the ascending current. This in-draught causes an 
immediate lessening of the atmospheric pressure, and 
consequent fall in the barometer, which, if sudden, gives 
notice of the coming storm. 


Fig. 7.—To ILLUSTRATE THE MOVEMENTS OF CYCLONIC STORMS 
IN THE NORTHERN AND SOUTHERN HEMISPHERES. 
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The small arrows show the direction of rotatory motion—The 
large, the direction of the path of the Cyclones. 
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It is now well-known, that the direction of rotation of 
the cyclonic air is, in the northern hemisphere, opposite 
to that of the hands of a watch; while in the southern 
hemisphere the direction is parallel thereto. (See Fig. 7). 
The cause of this is not far to seek, and will be readily 
inferred from what has been stated above. 


Let us take a simple case by way of illustration. 
Suppose that from some spot in the centre of Ireland the 
air becomes heated, rarified, and begins to ascend, leaving 
a tract of low pressure; then the surrounding air will flow 
in to restore the equilibrium. If the current sets in from 
the north, and continues for some time, it will be found 
that it gradually passes from N. to N.E., and ultimately, 
perhaps, to east, owing to the fact that the air comes 
from a region where the velocity of rotation is less than 
that of the centre of Ireland. Again, if the air flows in 
from the south, it comes with a velocity of rotation 
greater than that of the place of arrival, and necessarily 
results in a west or S. West current. We have, there- 
fore, a double set of currents coming in, one from the 
north and another from the south, with an ascending 
centre, resulting in a spiral movement. By a parity of 
reasoning, the direction must be reversed in the southern 
hemisphere. When polar currents alternate with those 
coming from the equatorial regions the mean direction will 
be successively south, east, north, west, and south; and 
changes ensue oftener between north and west, or south 
and east, than between west and south, or east and north. 
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Upon these principles we can explain the courses of 
the cyclonic winds and storms, which to most people 
appear so inscrutable ; and it will be seen that the explana- 
tion is a simple application of the laws according to 
which the more permanent and invariable air-currents, 
such as the Trade winds, are originated; both, in fact, can 
be traced back to two prime causes :—the heat of the 
sun’s rays, and the rotation of the globe on its axis.* 


F.—REGIONS SPECIALLY LIABLE TO STORMS. THE 


Monsoons oF INDIA. 
Some regions of the globe are subject to periodic 
storms, others to those of an intermittent or uncertain 
recurrence. Amongst the former may be mentioned the 
peninsula of India, which, owing to the relations of land 
and sea under the tropics, is subject to periodic winds and 
storms, called the: North-east and South-west Monsoons. 
Over the northern part of the peninsula and adjoining 
ocean, the north-east wind is prevalent during the winter 
months, owing to the higher temperature of the air over 
the ocean, which causes it to ascend and to draw in the 
colder air of the Himalayan and Thibetian regions. Early 
in the summer months, however, the process is reversed ; 
the lands become heated by the sun’s rays, and this heat 


* Trade winds and ocean currents do not cause any retardation in the earth’s 
totation, being compensated for by the circulatory motion of both. 
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being imparted to the air, the temperature rises and the 
air becomes oppresively hot. The direction of the current 
now changes. In the beginning of April, winds from the 
Indian Ocean, charged with moisture, moverover the land 
to the north and east, forming great masses of cloud which 
gather over the Ghauts and along the flanks of the Hima- 
layas. Ultimately, furious storms, accompanied by 
thunder and lightning, burst over the parched and burning 
lands, and rain descends in torrents, imparting verdure 
to the vegetation, and filling the rivers, pools and cisterns 
with the much needed supplies of water. The annual 
rainfall on the western coast of the peninsula is very large, 
amounting at Bombay to 80 inches, and to a much greater 
depth on the Western Ghauts; at Benares the fall is 
about 42 inches. 


G.—WEsT INDIAN HURRICANES. 


The hurricanes of the West Indies, so well-known for 
their terrific fury, originate where the belt of the Trade 
winds passes into that of the storms.* They may be set 
up either byan encroachment ofthe South-east Trade Wind, 
which, after it has passed the equator, gradually strives to 
take a south-westerly direction in the zone of the ‘‘ North- 
east Trades,” or by a falling or forcible descent of the 
upper Trade wind into the region of the lower. The air- 


* Buff, loc. cit., p. 230. 
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current thus established, in seeking to press itself into the 
** North-east Trade,”’ is turned by the resistance of the 
latter from its own direction toward the north-east, and 
forced to strike across the West Indian Sea. So long as 
it remains within the region of the “ Trades,” the whirl- 
wind proceeding in this direction takes its onward course 
almost in a straight line ; but, on leaving the region of the 
Trades, and entering that of the ‘‘ South-west Anti-trade,” 
its course bends suddenly round towards the north-east, 
and it loses much of its force, because the resistance to its 
passage by the North-east Trade wind is now withdrawn. 


H.—WHIRLWINDS OF THE INDIAN OCEAN. 


The whirlwinds of the Indian Ocean and the typhoons 
of the China Seas, lying on different sides of the equator, 
originate in similar conditions. As an example, we may 
refer to the track of the Rodriguez hurricane of April, 
1843, in the Indian Ocean, which has been carefully 
mapped. Commencing near the coast of Java, it swept 
across the Indian ocean towards the Mauritius, with the 
usual rotatory motion belonging to hurricanes south of 
the Equator.* 


* A map of this hurricane is given by Keith Johnson, Joc. cit., plate 17 
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I.—CoNNECTION BETWEEN BAROMETRIC PRESSURE AND 


DIRECTION OF THE WIND. 


No one can have studied the weather charts issued daily 
from the Meteorological Office in Westminster, without 
becoming aware that the direction of the wind and the 
variations in barometric pressure are intimately connected 
with one another; so much so that, knowing the one, 
we can predicate with much certainty the other. Not only 
is the direction of the wind capable of being known by 
the barometric readings over a line of country, but the 
force is also determinable ; and, except where some local 
cause of irregularity occurs, the force of the wind will be 
found to correspond to the barometric gradient ; that is to 
say, the more rapid the rate of increase or decrease of 
pressure, measured by decimals of an inch, within a 
limited tract of country, the stronger will be the wind ; or 
vice versd. As regards the direction, a very simple rule, 
known as ‘‘ Buys Bellot’s Law,” will generally be found 
to hold good :—That if a person stands with his right hand 
held in the direction of maximum pressure, and his left 
in the opposite direction, he will then look in the direction 
towards which the wind is blowing, or it may be put in 
this form :—‘‘ Stand with your back to the wind, and the 
barometer will be lower on your left hand than on your 
right.” Thus, supposing the position of minimum 
pressure to be over the Norfolk coast, where the baro- 
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meter registers 29.4 inches, while at Biarritz the reading 
is 30.2 inches, the direction of the wind will be found 
to be from west to east along the coast of France.* 


J.—BAROMETRIC GRADIENTS. 


When the atmospheric pressure varies rapidly in cer- 
tain directions this variation can be measured by means 
of the barometer; and in proportion as the variation is 
rapid or the contrary, the expression a “steep” or 
“slight” gradient is used to express the amount of 
variation. In measuring gradients certain constants are 
used, both for horizontal distance and vertical pressure. 
Those in use by the Meteorological Office in London are 
expressed in hundredths of an inch of mercury to one 
degree of sixty nautical miles. Steep gradients generally 
indicate strong winds; and in the case of the British 
Isles, no storm of any serious extent is felt unless there 
be an absolute difference in the barometrical readings of 
two of the stations of the Meteorological office exceeding 
.0o5 of an inch. One illustration may here be given. 
‘The difference in readings between Rochefort and Aber- 
deen on February 1, 1868, when a tremendous westerly 
gale was raging, was as much as 1.76 inch; the reading 
at Rochefort being 30.16, and that at Aberdeen 28.40 


* Such, for example, were the conditions on Sunday Morning, 26th August, 1877, 
as shown by the weather charts. The day is not specially selected. 
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inches. These figures give a gradient of 15.7 on Beau- 
fort’s scale over the entire distance of 673 miles.* 


K.—IsoBars, OR LINES OF EQuAL BAROMETRIC 
PRESSURE. 


This term is applied to lines traced through stations of 
any country at which the barometric pressure is the same 
at the same moment of time. By means of the stations 
distributed over the British Isles and adjoining parts of 
Europe, and connected by telegraphic communication, 
such isobaric lines can be traced on the map. (See 
Plate VI.) These lines are generally curved, and during 
the progress of a cyclone take a more or less con- 
centric form round the centre of depression. .On the 
other hand, during the prevalence of an anti-cyclone, the 
isobars are wide apart, the barometric pressure being high 
and widely distributed, and are arranged round a centre 
of high pressure. In this case the circulation of the air 
is in a direction opposite to that in the case of the 
cyclone; namely, with the hands of the watch, in the 
northern hemisphere. 


* R.H. Scott, Weather Charts and Storm Warnings (1876), p. 44. 


CHAPTER IX. 


TEMPERATURE OF THE AIR. 


A.—TuHE TEMPERATURE FALLS AS WE ASCEND. 


The direct rays of the sun, striking down through the 
atmosphere, have but very slight influence on its tempera- 
ture. The lowest stratum of air partakes of the 

temperature of the ground which becomes heated by the 
action of the sun, and this warm stratum rising upwards 
allows colder and heavier air to take its place. This 
process gives rise to a vertical circulation of the air, 
most beneficial in its results, as tending to equalize the 
temperature for a considerable height above the sur- 
face of the ground; or at least to diminish the rate of 
cooling. Nevertheless, the lowering of the temperature 
as we ascend everywhere takes place ata rate of about 
1°.8 Fahr. for every 500 feet of elevation. 


This gradual lowering of the temperature of the air de- 
pends much less on the actual loss of heat (since it loses 
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heat by radiation with extreme slowness) than on its 
rarification owing to decrease of pressure. As we ascend 
from the plain up the mountain side the pressure of the 
air continually decreases, as indicated by the fall of the 
barometer; this allows the ascending air to expand more 
and more, and in so doing it uses up a portion of its 
heat, which thus becomes combined or latent. Ulti- 
mately, as we ascend into the highest elevations the 
lowering of temperature becomes so great that, under 
the equator, snow instead of rain falls on mountains of 
sufficient height all the year round, and the climate re- 
sembles that of the Arctic regions. 


Although the rays of the sun pass through space, the 
temperature of the region beyond the limits of our atmos- 
phere is exceedingly low. Fourier believed that—45° 
Cent. (or 49° below zero of Fahr.), represented this 
temperature ; but, since his time, degrees of cold con- 
siderably lower than this have been observed in the open 
air.* On the other hand, if we suddenly and forcibly 
compress air, heat is immediately evolved; and in deep 
valleys or low depressions on the surface of the globe 
the temperature is higher than on adjoining lands of 
greater elevation owing to the increased density of the 
air. Asa natural illustration the case of the remarkable 
hollow called ‘‘ The Ghor,” in which lies the Dead Sea, 


* Even if there were no sun, the stars would contribute something to the tem- 
perature of space. The absolute zero temperature is calculated to be -273° Cent. 
See Ganot’s Physics, 12th Edit., p. 454. 
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may be cited. The surface of this lake is 1,300 feet 
lower than that of the Mediterranean; and in winter 
time, when snow often lies on the table lands of Pales- 
tine on the one side, and on those of Moab on the other, 
the valley of the Ghor is so warm that the Arabs flock 
down from the hills around, and pitch their tents over its 
surface, in order to take advantage of the comparatively 
mild climate which they are always certain to find, even 
in the coldest winters. 


B.—EFFEcT OF RADIATION AT NIGHT. 


When the sky is cloudless, and the air is clear and 
still, radiation of heat from the surface of the ground - 
causes a rapid fall in the temperature of the lower strata 
of air. It is owing to this that, in tropical or sub-tropical 
climates, the difterence between the day and night tem- 
peratures is so great. Thus it happens in the valleys 
and plains of the Sinaitic Peninsula that, in the winter 
months, the temperature rises as high as go° Fahr. in the 
shade, and it falls as low as 36°5° Fahr. before sunrise in 
the early morning.* 


* During a period of twenty days (between the toth and 30th November, 1883, 
spent in the Sinaitic Peninsula, the highest temperature was go degrees Fahr. in 
the shade, and the lowest 36°5 degrees Fahr. The daily observations were taken 
by Mr. Reginald Laurence of the Expedition sent out by the Palestine Exploration 
Society. 


L 
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C.—OscILLATIONS OF TEMPERATURE. 


-The temperature of the higher strata of the air, so far 
as it depends on the influence of the heated soil, is sub- 
ject, of course, to daily and yearly oscillations. The 
highest daily temperature does not occur till after the 
maximum on the earth’s surface. Thus, for instance, 
while the greatest heat of the day on the Swiss plains 
occurs in summer about 3 p.m., Kemtz found it on the 
Rigi at an elevation of 5,000 feet, at 5 p.m.; De Saussure 
found it to occur on the Col du Géant, at a height of 
10,000 feet, at 6 p.m.—that is, at an hour when the tem- 
perature of the earth was already diminishing. * The 
more the surface of the ground is cooled at night the 
colder does the air in contact with it become; but this 
effect extends to only a small height, because the air that 
is cooled becomes heavier and ceases to rise. Hence it 
is that the upper roomis of a house are hotter at the end 
of a summer’s day than those on the ground floor. 


D.—CoNTINENTAL AS DISTINGUISHED FROM ISLAND OR 
Coast CLIMATES. 


Owing to the extreme range of summer and winter 
temperatures observed in the central parts of continents, 
as compared with the more limited range in the case of 


* Buff, loc. cit., ps 149. 
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island and coast stations, the difference in the climate 
of these two varieties of land-surfaces has been generally 
recognized. This difference is, of course, due to the 
proximity of the ocean in the latter case, and of its 
distance, in the former. The ocean carries the warmth of 
the tropics into the temperate and arctic regions, and 
also tends to equalize the temperature of the air over its 
surface; and in this way that of the winds, as its own tem- 
perature varies: but little all the year. The changes in 
its temperature are, in fact, confined within the limits of 
about 5 to 7° of Fahrenheit, yet fluctuations of 70 to go° 
are not uncommon in inland countries, especially in high 
latitudes. . At Moscow, for instance, a difference of 141°1° 
Fahr. (78°4° Cent.), and at Yakutsk even of 158°4° Fahr. 
(88° Cent.) have been observed. * 


On the other hand, the variations on island and coast 
stations bordering the ocean are comparatively small. It 
is well known how, along the western coasts and isles of 
Ireland and Scotland, frost in winter is comparatively 
rare—or at least never severe.. Delicate plants, such as 
the myrtle, fig, fuschia, and the Eucalyptus (blue gum) 
often survive a winter in the open air; while along 
the eastern and south-eastern parts of England, and in 
the central counties which partake in some degree of the 
continental conditions of climate, the winters are often 
excessively severe, alternating with high summer tem- 


* Buff, loc, cit., p. 177. 
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peratures. The following cases may be cited as illustra- 
tions of the sa cae ae small range of mBetaiie in 
island and coast stations. 


Degrees of Temperature (Fahr.). 


Latitudes Differ- 
Places. North Means of the ences of 
ee, | Winter 
ees: and 
weeks Manet: Summer. emer 


North Cape (Norway) | 71° 10’ | 33°52 | 23°72 | 43°32 19°60 


Eyafiord (Iceland) .. | 66° 30' | 32°35 | 20°84 | 43°86 23°02 
Faroe Islands... .. | 62°. 2' | 45°95 | 39°02 | 52°88 13°86 


Unst (Shetland) -.. | 60° 45' | 46°39 | 39°33 | 53°45 ifi2— 
pergen- 45> S60 F Aas ago! Is bAO “gor 22°68 
New Archangel ..| 57° 3’ | 44°06 | 33°26 | 54°86 21°60 
Halifax(Nova Scotia) | 44° 39’ | 43°52 | 24°08 | 62°96 38°88 


BUDO Os iow yk .. | 53° 21, | 49°52 | 39°50 | 59°55 20°05 


Killybegs (West of 
breland) } < «h othe age Bi odor aes 56°4 II‘Io 


Lisbon .. ... .. | 38° 42' | 61°70 | 52°52 |. 70°88 28°36 


SantaCruz(Teneriffe)| 28° 28’ | 7o'6r | 64°58 | 76°64 | 12°06 


| 
St.Augustine(Florida) 2 29° 50' | 71°15 | 59°54 | 82°76 22°82 
/ 


Trincomalce(Ceylon) | 8° 34' | 80°69 | 78°26 | 83°12 4°86 


* Corrected from Buff’s Tables. 


+ Deduced from Tables by Dr. Lloyd, On the Meteorology of Iveland, Trans. 
Roy. Ivish Acad., Vol. xxii. 
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Of the above cases, perhaps, the most remarkable 
example of the influence of the ocean in equalizing the 
temperature is that of Killybegs, a little town on the 
North Coast of Donegal Bay, in the West of Ireland, 
where the winter and summer variation is under 12° 
Fahr. If we compare this western coast station with a 
ccntinental station on approximately the same latitude, 
we shall see how wide is the annual variation. The 
city of Berlin seems to answer for such a purpose. 
Here the mean winter temperature is 29°, and that of 
the summer 65°, giving an annual mean range of 47°5°, 
and a difference of 37°, as against 50°8° and 11°1°, re- 
spectively, in West Donegal. In consequence of the 
mildness of the climate and purity of the air, some 
localities on the West of Ireland are well suited as winter 
residences for persons with delicate lungs, and of these 
Killybegs, Galway, Clifden, Killarney and Glengariff may 
be specially mentioned. The winter climate of the South- 
West of Ireland closely resembles that of Biarritz, on the 
coast of Spain, at the foot of the Pyrenees. 


E.—LIMIT OF THE CULTIVATION OF THE VINE. 


The dissimilarity between continental and_ insular 
climates is shown, not only in the difference between the 
winter and summer temperatures, but also in the con- 
trasts between those of day and night. This has been 
already referred to, but its effect on plant and animal life 
remains to be noticed. In the South of England, in 
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Belgium, and in the Netherlands, where the mean 
summer temperature is nearly the same.as that of the 
Rheingau and the Palatinate, the day temperature falls 
short of that in these latter districts, where the hot days 
alternate with cold nights. In Bretagne and Normandy 
the nights are less cold, and the days, on the other hand, 
less warm than in the districts south of Nantes, Paris, 
Rheims, Luxemburg and Treves, wherein the vine is 
capable of being profitably cultivated. 


In this we have an explanation why the cultivation of 
the vine, which, though it requires a mean temperature 
ranging no higher than 48:2° Fahr. (9° Cent.), but 
must have a long and warm summer, cannot be carried 
on in France much beyond a line drawn through the 
cities above-named. It explains, too, why the fig which 
will not grow in a mean temperature under that of 9° 
Cent., but does not require so great a temperature as does 
the vine in order to ripen its fruit, grows extensively and 
thrivingly in Normandy. In Germany, especially in the 
Valley of the Rhine above Bonn, the cultivation of the vine 
is carried on considerably further north than in France, 
and in Eastern Germany as far north as 52° N. Iat., 
but the grapes only fully ripen in favourable vears, 
and in situations such as the right bank of the Rhine 
Valley where they receive the maximum effect of the 
sun’s rays. In Asia, the northern limit of grape culture 
is about 50° of latitude. * 


* Buff, loc. cit., p. 190. 


PLATE VI. 


CLIMATOLOGICAL 


MAP oF THE WORLD. 


SHOWING ISOTHERMAL a 


LINES OF ANNUAL 


MEAN TEMPERATURE. | 


160 160 140 ; 


Temperature of the Air. 159 


F.—IsoTHERMAL LINES. 


By drawing upon a mapa series of lines connecting 
places having the same annual mean temperature, we have 
a convenient means of comparing the influence of land and 
sea upon the temperatures due to latitude (See Plate VII.) 
Similar lines may be drawn for the mean winter and 
summer temperatures, or for monthly mean temperatures, 
or any other desired comparisons. Very interesting are 
the results thus rendered obvious at a glance, especially 
in the case of the climatological chart of the northern 
hemisphere. Here we see at once how the influence of 
the Gulf Stream extends all over the Atlantic and 
bordering regions north of lat. 45°; owing to which the 
effects of a high latitude are completely overmastered, 
and the rigour of an Arctic climate undergoes an extra- 
ordinary degree of amelioration. On the other hand, the 
effects of continental conditions are rendered equally 
apparent by the descent southwards of the isotherms on 
reaching the coasts of Europe and America. 


G.—Tue IsoTHERM OF 50° FAHRENHEIT. 
For the purpose of comparison let us follow the course 


of two of these isotherms, those of 50° and 30° Fahr. 
That of 50° is of especial interest as it crosses the 
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central parts of the British Isles, running a little to the 
north of London and to the south of Dublin, (about lat. 
53° N.) On leaving the eastern coast of England, the 
isotherm bends south, passing. by Brussels, Vienna, and 
touching the 45th parallel on reaching the shores of the 
Caspian. Having crossed the continent of Asia, it 
-reaches its southern limit on the coast of China, some 
miles north of Pekin, in the neighbourhood of lat. 40° N.; 
being 13° farther south than the British Isles. 


Tracking this isotherm westward across the Atlantic, 
we find it reaching the American coast at Boston in lat. 
42° N., and thence bending southwards into the centre 
of the continent to the south of the Great Lakes as far 
as lat. 40°. In this direction, therefore, the British Isles 
have an advantage over America as regards annual mean 
temperature represented by 13° of latitude. 


‘H.—TuE IsoTHERM OF 30° FAHRENHEIT. 


The bend northwards of the isotherm of 30° Fah- 
renheit, representing the limit of constantly frozen 
ground at some depth below the surface, is still more 
marked on crossing the Atlantic. Owing to the warmth 
imparted to the air by the Gulf Stream, this isotherm is 
carried beyond the Arctic circle, entering Europe by the 
North Cape in lat. 71° N., and America in the centre 
of Labrador in lat. 55°, that is 16° south of its Atlantic 
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limit. The influence of these variations in the distri- 
bution of plant life we shall consider in a future page. 
It is at present sufficient that the reader should clearly 
understand that mere difference of latitude is an inade 
quate criterion of the character of the climate of any 
district ; physical conditions of land and sea are much 
-more powerful factors in determining this character. 


I.—EFFEct oF TEMPERATURE ON HEALTH, 


The late Rev. Dr. Lloyd, of Dublin University, has" 
drawn attention to the apparent relationship between the 
annual mean temperatures and the death rate of special 
regions, and has arrived at the following conclusions :— 


(1.) Inthe Southern half of Europe the mortality depends 
upon the temperature of summer; being greatest where 
the temperature is greatest, and diminishing with it down 
to a certain limit. 


(2.) In the Northern half of Europe, on the contrary, the 
mortality depends on the temperature of winter; being 
greatest when that is lowest. 


(3.) The boundary line between these two regions is 
not far from the mean yearly isotherm of 50° Fahr., 
which is accordingly the line of least relative mortality. 
This line passes through the British Isles. 


res. Phystography. 


These conclusions will clearly appear upon an in- 
spection of the following table showing the temperatures 
above and below those of 50° Fahr., and corresponding 
death rates of different countries of Europe.* 


TABLE SHOWING RELATIONS OF DEATH-RATE AND 


TEMPERATURE. 
Excess of Defect of Death R 
COUNTRIES. Summer Winter cath ee 
Temperature./Temperature.| P&T 1,000. 
Italy, Turkey + 25° ok 33 
France, Austria ..| + 18° : 25 
Central Germany..| + 15° a 22: 
British Islands + 12° — 13° 21 
Belgium ae ae — 16° 23 
Holland ver ee | eee aaaed 18° 26 
Prussia fo si. M4 ie — 22° 28 
Peeeiaae vir acca é — 36° 38 


J.—Cuimatic CONDITIONS OF THE BritisH Isles. 


From the above facts it will be seen that the British Isles 
are as regards health in the position of the most highly- 


*. Lloyd, Papers on Physical Science, p. 405. 
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favoured nation (Sze Plate ViII.) To their equable climate, 
or, in other words, the absence of extremes of heat and 
cold, together with the moisture in their atmosphere, may 
be largely due, not only the low death rate of their 
people, but that fairness and beauty of complexion for 
which the youth of both sexes are remarkable, and which 
drew forth from Gregory the Great the expression, when 
observing the British Slaves at Rome, ‘non Angli sed 
Angeli, si forent Christiani.* The accompanying map 
(Plate VIII.) will show how much the annual mean 
temperature is dependent on proximity to the sea coast; 
the interior parts, as Professor Hennessy has shown, 
being colder than those along the coast for similar 
latitudes. + | 


* Bede’s Ecclesiastical History Lib. II]. Cap. I. The whole passage is in- 
teresting as showing the effect produced on the mind of the Roman monk by the 
beauty of aspect and fair complexion of the English youths when exposed for sale 
in the Roman Forum. 


+ On the Distrtbution of Temperatnre over Great Britain and Iteland.” Proc 
Roy, Irish Academy, 2 Ser. Vol. iv., p. 709 (1888.) 


CHAPTER X. 


RAIN AND RIVERS. 


A.—INTRODUCTORY. 


HE fall of rain over the surface of our globe is 
subject to great variations; for, while some regions 

are well watered, others have but a scant supply of rain; 
and there are certain tracts, such as the Desert of Sahara, 
the plains of Lower Egypt, the table-lands of Arabia, and 
the desert of Gobi in Central Asia, over which rain never 
falls, or is so exceptional and uncertain, that they are 
classed as ‘“‘rainless districts.’ To the same category 
may also be referred portions of Central Australia, of 
Southern Africa, and of the Pacific borders of Peru 
and Mexico. Over such tracts vegetation is kept alive 
by works of irrigation, supplied by the periodical overflow 
of the rivers which descend from the regions watered by 
rains. The fertility of the desert-bound valley of the 
Nile depends on the yearly overflow of that river. 
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Through thousands of channels its waters are distributed 
over the plains of Egypt, which, with the aid of a high 
temperature, are thus converted into tracts of extra- 
ordinary fertility, and capable of yielding harvests twice 
in the year. In ancient times Egypt was called “the 
granary of Rome,” and the capital of the Roman Empire 
was dependent for its supply of corn on the harvests 
reaped on the banks of the Nile. 


B.—DISTRIBUTION OF THE RAINFALL. 


In order properly to understand the origin and distri- 
bution of the rainfall of the globe, it is necessary to 
compare together the chart of the air currents with that 
of the rainfall. Under the tropics the amount of moisture 
taken up by the Trade Winds is necessarily enormous. 
Laden with this moisture, the air ascends vertically 
along the zone of ‘‘ Variable Winds and Calms,” north 
of the equator, where the two air-currents (that from 
the north-east and that from the south-east) meet, 
and in which rain is almost constantly falling, accom- 
panied by thunderstorms. From this zone (between lat. 
5°-10° N.) the upper currents, or Anti-trades, flow off to 
the north-east and south-east, carrying into the temperate 
regions vast stores of moisture. As the air ascends it 
expands, and at an elevation of 16,000 feet it occupies 
twice the volume with which it left the surface of the sea. 
It now gradually descends, with a reduced temperature, 
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and the vapour it contains, being no longer competent to 
retain the gaseous form, becomes condensed, and, under 
favourable conditions, descends as rain. At the Peak of 
Teneriffe, at an elevation of 12,000 feet, the upper current 
has already descended so as to sweep the summit of the 
mountain, while a contrary wind is blowing at the base. 
Further north the upper current sinks lower still, and 
finally reaches the plains of Europe and the British Isles, 
where it is the prevalent wind throughout eight or nine 
months of the year. During this period it discharges its 
vapoury burden in the form of rain or snow, feeding the 
springs and rivers, and spreading fertility around. 


C.—PuysIcAL PECULIARITIES OF THE BrITISH ISLES 
AS REGARDS RAINFALL. 


Owing to their geological structure the British Islands 
present a mountainous coast-line towards the Atlantic 
waters, as shown by the Orographical map (Plate X.), on 
which account they are favourably situated for receiving 
large supplies of moisture from the westerly winds on 
their first reaching the shore. Hence it arises that the 
rainfall along the western parts of these islands is greatly 
in excess of that which falls over the eastern and central 
portions. Thus, if we take a line of country extending 
from the Thames valley at Kew to the mountains of 


West Cumberland we find the following averages :* 


* Symons, British Rainfall, (1886) 
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Average Rainfall, 


nee 1860 to 1886. 
Kew (Surrey). ; : : 24°73 inches. 
Northampton ? : : ee des 
Bretley (Derbyshire) : ; Bios haste s, 
Bolton (Lancashire) ; ; ACH Oxme 
Kendal (Westmoreland) . : Saye Sees 
Seathwaite (Cumberland) Be Eh O1GO..< -5 


Similar relations between geographical position, altitude 
of land-surface, and rainfall, are to be observed in the 
case of Ireland and Scotland, due to the position of the 
respective portions of the British Isles as regards the 
prevalent westerly winds. As we proceed northward and 
eastward over the Europasian region, we find the amount 
of rainfall to decrease remarkably as compared with the 
western sea-board. Thus, while the rainfall about Bergen 
in Norway amounts to an average of 80 inches, at St. 
Petersburg it has fallen to less than 20 inches, and in 
Siberia to about 12 inches. In the Arctic regions the 
precipitation of snow and rain together is smaller still. 


The valley of the Amazon in South America presents 
to us one of the most striking illustrations of the depend- 
ence of the rainfall on geographical position and direction 
of the winds. The valley of the Amazon, the largest 
river-basin in the world, extends westward to the crest of 
the Andes, and lies on both sides of the equator. Its 
head waters, coming from the Andes of Columbia, 
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Equador and Peru, rise within a very short distance of the 
Pacific shore, and traverse almost the entire breadth of 
the continent before being discharged into the Atlantic 
Ocean. Throughout this vast region the vegetation is 
luxuriant, being supplied with an abundance of rain and 
moisture brought by the trade winds, which, blowing from 
the Atlantic, traverse the continent, and on reaching the 
eastern flanks of the Andes discharge their load of 
moisture in the form of copious rains and falls of snow. 
On the western sides of these mountains we have the 
rainless sea-board of Peru, swept by the winds, which, 
deprived of their moisture, have passed across the Andes. 


D.—RIvERS: THEIR FuNcTIONS IN NATURE. 


In a treatise of this kind all that can be done with 
regard to the great subject of rivers is to glance at a few 
general principles regarding their origin and effects. 
Rivers are the natural outlets for carrying off that pro- » 
portion of the rainfall which is not used up by evaporation; 
and as the greatest proportion of the rain falls on moun- 
tainous regions, these contain the sources of the largest 
rivers, which ultimately drain into the sea. Thus there is 
a constant circulation in progress, consisting of evapor- 
ation, precipitation, and delivery of the waters again into 
the ocean, which was recognised by ancient observers. 
Thus we find in the Book of Ecclesiastes the following 
remarkable passage :—‘‘ All the rivers run into the sea; 
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yet the sea is not full; unto the place from whence the 
Trivers come, thither they return again;’’* a passage 
indicating a large acquaintance with the subject of 
meteoric circulation. The waters of rivers are partly 
_- supplied from surface drainage, especially after floods, 
but partly from springs, which are the sources of supply 
in the summer months, when the waters are clear, and 
most largely charged with salts and carbonates in solution. 
While descending towards the plains, and when the slope 
is steep, rivers are constantly engaged in cutting down 
their channels, and carrying away the materials of which 
the lands are formed towards the ocean; but on reaching the 
plains and marginal deltas,{ the process of erosion gives 
place to one of deposition ; and the sediment carried 
down from the interior uplands is deposited at the 
mouths of the rivers, of which, those of the Nile, the 
Ganges and Brahmaputra, the Mississippi and the 
Amazon, afford the most remarkable cases at the present 
day.t The fine sediment annually brought down by the 
Nile, on which the agricultural prosperity of Lower 
Egypt so much depends, is derived from the Atbara, one 
of its tributaries, which descends from the Abyssinian high- 
lands, and is periodically swollen by thunderstorms ; 
the Blue Nile, which joins the main stream at Khartoum, 
contributes a share, but not to the same extent. 


© Eccles. 1.7. 

t So called from their resemblance to the Greek letter A 

+ To these may be added the delta of the Danube where it enters the Black Sea. 
M 
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It may be observed in this connection that rivers 
which have their sources in large lakes are less 
liable to fluctuation than those which depend wholly on 
direct rainfall and springs, as the lakes form natural 
reservoirs which receive the surplus waters of the rainy 
season, and discharge them gradually during the remain- 
ing parts of the year. The most remarkable examples of 
rivers with their head waters drawn from lake basins are, 
in America, the St. Lawrence; in Europe, the Rhone; 
in Africa, the Nile. In the case of the Po, in Italy, which 
is liable to extensive floods, some of its tributaries 
have their origin in the Italian lakes at the foot of the 
Alps; but the head waters and chief sources of supply 
come direct from the Alps themselves, and the floods 
originate in the melting of the snows of winter on the 
Alpine heights. ‘The cause of the floods of the Nile have 
already been explained. 


E.—Tue CuHiEF RIvER-BASINS OF THE WORLD. 


The catchment basins of rivers are circumscribed 
either by mountain ranges or elevated plateaux. The 
summits of these elevated tracts are called ‘‘watersheds,” 
and may be almost indefinitely subdivided into smaller 
branches enclosing the catchment basins of minor 
streams. We can only here refer to the larger river- 
basins, with special reference to the continents and 
oceans. 
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The chief rivers of Europe fall naturally into two systems 
on either side of the Alps and Carpathians and a low ridge 
passing across Central Russia to the Ourals :— 


(a.) Those flowing northwards into the North Atlantic 
or one of its inlets; and 


(d.) Those flowing into the Mediterranean Sea, 
either directly or through the Black Sea and 
Adriatic. 


(a.) To the former belong the Tagus and Douro, the 
Loire, the Seine, the Rhine, the Oder, the Vistula, the 
Diina, and the Dwina. 


(b.) To the latter, the Ebro, Rhone, Po, Danube, 
Dnieper, and the Don. 


The Volga flows into the Caspian, which has no 
outlet. 


(2.) Asia. 
The rivers of Asia fall into three great systems :— 


(a.) Those flowing northwards into the Arctic 
Ocean ; 
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(b.) Those flowing eastwards into the Pacific 
Ocean ; and 


(c.) Those flowing southwards into the Indian 
Ocean. 


The principal watershed follows the central parts of 
the continent from the Kirghis Steppes, north of the Sea 
of Aral, eastwards through the Thibetian plateau to the 
borders of China near Lake Baikal and the sources of 
the Amour. 


(a.) The rivers of the former or Northern system are 
the Obi, Yenisei, Olenek, Lena, Indigirka and Kolyma ; 


(0.) Those of the Eastern system, the Yang-tse- 
Kiang, Hoang-Ho, and Amour; and 


(c.) Those of the Southern system, the Euphrates, 
Tigris, Indus, Ganges, Brahmaputra. 


The Lake of Aral, which has no outlet, receives the 
waters of the Sir Daria and Amoo, as does the Dead Sea 
those of the Jordan. 
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(3.) Africa. 


The rivers of Africa follow the lines of three great 
systems :— 


(a.) Those flowing northward into the Mediterra- 
nean ; | 


(b.) Those flowing eastward into the Indian Ocean; 
(c.) Those flowing westward into the Atlantic. 


The watershed between these systems appears to be 
composed partly of mountain ranges and partly of elevated 
table-lands. 


(a.) Of the first system the Nile is the sole represent- 
ative. Rising in the great lakes under the equator it 
flows northward, and receiving the tributaries from the 
Abyssinian highlands, finally enters the sea through the 
plains of Lower Egypt by means of two principal outlets 


(b.) Of the second system are the Rovuma, Zambesi 
Save, Bembe, Maputu, St. John’s, and Great Fish rivers, 


(c.) Of the third system are the Senegal, Niger, 
Ogowai, Congo or Livingstone, Cunene, Orange, and 
Oliphant rivers. 
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(4.) America. 


North America.—The rivers of this continent belong 
to three easily distinguishable systems :-— 


(a.) Those flowing into the Arctic Ocean ; 


(o.) Those flowing into the North Atlantic, in- 
cluding Hudson’s Bay; and 


(c.) Those flowing into the North Pacific Ocean. 


The watershed follows in the main the line of the 
Rocky Mountains, but sends an important offshoot east- 
ward across the Continent to the south of the Great 
Lakes, dividing the waters of the Mississippi basin from 
those of the St. Lawrence. The water-parting of these 
hills is only 1,500 feet above the sea. 


(a.) To the first (or Arctic) system belong the Colville, 
Mackenzie, and Great Fish rivers. 


(b.) To the second belong the Severn, Albany, Moose, 
Maine and other streams draining into Hudson’s Bay; 
the St. Lawrence, St. John, Hudson, Susquehanna, Ala- 
bama, Mississippi, and Rio Grande. 


(c.) To the third (North Pacific) belong the Yukan, 
Simpson, Fraser, Columbia, and Colorado rivers. 
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South America.—The rivers of the South American 
continent belong to two systems only :— 


(a.) Those draining into the South Atlantic, on 
the one hand; and 


(b.) Into the South Pacific on the other. 


(a.) Of the former there are the Magdalena, Orinoco, 
the Amazon, San Francisco, Rio de la Plata, Colorado, 
and Negro. 


(b.) Of the latter there are only a few insignificant 
streams descending from oe slopes of the Andes directly 
into the ocean. 


The South American continent is peculiarly circum- 
stanced from the fact that the giant chain of the Andes, 
which gives rise to nearly all the great rivers, rises 
almost directly from the shores of the Pacific ; in conse- 
quence of which the great river systems traverse almost 
the entire continent from west to east, and flow into the 
Atlantic. It is this which lends to the Amazon its 
ascendancy above all the rivers of the globe. Its river- 
basin encloses an area of 2,200,000 square miles; that 
of the Obi coming next, but far behind in area, and even 
that of the Mississippi falling short by nearly 1,000,000 
square miles. In every respect the Amazon, which 
has been called the ‘‘ Mediterranean of South America,” 
is the greatest river on the globe, affording a water- 
way from the Atlantic to the very base of the Andes. 


176 Phystography. 


The following are the areas of the great river- 


basins *:— 
Amazon ! {7.040 - $2, 200,0006quare mailer. 
Obi): scncje Sih Sera as Ooo eee 5 
Parana and Paraguay 1,250,000  ,, . 
Mississippi’ .o5.° Ditks Seg 235 OOo. . 
Nile-(uncertain)::)"-~ s°“15100,000 ~ >; aa 
ot; Lawrence. “< -ce., 211,000,000es 4, iL 
POSMIGEt fiat iin erie Reece. 896,000 _—sé=»"—» _ 
A TAOU I os a Oe oe 370,000 9°}, a 
Manvise 2 aes, 845,000, bY 


F.—Canons oF NortH AMERICA. 


Amongst the most remarkable of river-channels in the 
world are those which penetrate the table-lands of Colo- 
rado, and are known by the name of ‘‘Canons.” No- 
where can the results of river erosion be more vividly 
brought home to the mind than when the spectator takes 
his stand on the upper surface of the Colorado plateau, 
and traces the line of one of these profound river channels, 
cut down for thousands of feet into the horizontal strata 
which rise in stupendous mural cliffs on either hand. 
The Grand Canon of the Colorado River is 300 miles in 
length, and in some places more than 6,000 feet in depth. 


* Johrston’s School Physical Atlas. 
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On either side the palzozoic strata rise in vertical walls, 
separated by terraces, up to the level of the plateau- 
surface, and, at the mouth of the cafion, break away on 
either hand in a grand mural escarpment. For the 
formation of this and other cafions it is required that the 
river by whose action the channel has been eroded should 
have its source in a region beyond the cafion, and that 
the region through which the channel is cut should be 
almost rainless. Such is the case with the Colorado 
River, which has its source high up amongst the Rocky 

Nee. Mountains. Were rain and river action general over the 
surface of the plateau, the banks would be worn down 
into slopes, and the gorge-like character of the channels 
would be destroyed. It is probable, however, that the 
canons of the Colorado region were originally excavated 
at a period when the present streams were larger and 
more effective than at present. Some of the eroded 
valleys are now dry; and in others the present streams 
are but miniature representatives of those which formerly 
flowed in their channels.* 


> G.—TRANSPORTING POWER OF RIVERS. 


The transporting power of rivers depends on three 
conditions :— 


* Dr. J. S. Newbury, Geological Report, Colorado Explor. Expedition, under Lieut. 
Ives,” p. 42, (1861). J. W. Powell, Exploration of the Colorado River, &c., (1875.) 
Capt. C. E, Dutton, Tertiary History of the Grand Caton District, with Atlas, 
(1882.) 
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(1.) The volume and velocity and the current. 


(2.) The size, shape, and specific gravity of the 
matter to be moved; and 


(3.) The chemical composition of the water ; 
saline waters being more buoyant than very pure or 
fresh, and causing rapid precipitation of muddy 
sediment. 


According to the calculations of Hopkins, the moving 
force of a current, estimated by the weight of a block of 
any assigned form and material, increases as the sixth 
power of the velocity of the current.* It is on this ac- 
count that, reasoning from the power of ordinary currents 
of two or three miles an hour, we are liable to miscal- 
culate so entirely the force of a rapid torrent. Ifa 
stream, which, with its ordinary velocity (say) of about 
two miles per hour, can just move along pebbles weigh- 
ing an ounce, has its velocity doubled in consequence of a 
flood, it will then be able to carry along stones weighing 
about four pounds. It is only necessary to examine the 
bed of any of the rivers descending from the highlands 
of the British Isles, or of other countries, to become 
convinced of the enormous power exerted by streams 
when in flood, and descending steeply towards the sea. 


* Quart. Journ. Geol, Soc., Vol. viii., p. xxvii., (1852.) 
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We are astonished at the size of the blocks, many tons in 
weight, which have been carried along; but we forget, 
perhaps, that these huge blocks, standing high and dry in 
the summer time, are almost entirely submerged in the 
torrential floods of winter, and are not only urged along 
by the impetuous current, but lose two-thirds of their 
weight in consequence of the submersion.* 


H.—EVIDENCES OF FORMER MORE EXTENSIVE RIVER 
Action. A PLUVIAL PERIOD. 


What has just been stated in reference to Western 
America applies equally to portions of the Eastern hemi- 
sphere. Throughout some regions of Europe, Asia and 
Africa we are constantly supplied with evidence that the 
present rivers are in many cases but diminutive representa- 
tives of their former selves, and that in others, rivers which 
once existed have altogether disappeared; so that, at a 
period not far distant, river-erosion was vastly more effec- 
tive than at the present day. Space does not permit that we 
should go at any length intothe proofs of this proposition; 
but we may point to the remarkable waterless gorges, 
sometimes over a thousand feet in depth, which descend 
from the table land of Southern Palestine to the shores of 
the Dead Sea, or to the Valley of Jordan. The Dead Sea 
itself formerly stood at a level about 1,300 feet higher 


* Those who wish to pursue this subject, may consu’t with advantage, Dr. 
Geikie’s Text Book of Geology, p. 345, Edit. 1885. 
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than at present, and occupied the whole valley from the 
Lake of Merom on the north, to a point in the Arabah 
valley, about 30 miles south of the present basin, thus 
forming a lake 150 milesin length.* This lake has fallen 
to its present proportions mainly through the diminution 
in the rains and rivers of a past period, to which the name 
of Pluvial may well be applied. The old river-beds of 
Central Africa tell the same tale. Dr. Livingstone has 
left us valuable information on this subject. Speaking of 
the South-Central parts of this Continent where water is 
so scarce that the traveller might perish for lack of the 
necessary fluid, he says, ‘‘ The country is intersected by 
valleys in all directions, once the beds of great rivers 
whose course was mainly south.”’ To Northern Africa, as 
Theobald Fischer has shown, a similar observation ap- 
plies,t and no one can have travelled along the magni- 
ficent valleys of the Sinaitic Peninsula, and those of the 
region bordering the Red Sea on either side, without 
coming to the conclusion that these generally waterless 
valleys were once the channels of large and powerful 
streams.} 


* Physical Geology and Geography of Arabia Petre@a, Palestine, Ge. Memoirs 
Palestine Exploration Society, pp. 79 and 113, (1886.) 


+ Studien iiber das Klima, (:879.) 


+ There is cause for believing that the rainfall of India has, also, recently de- 
creased, Sce Medlicott and Blanford, Geology of India, Part i., p. 417, (1879). 


CHAPTER XI. 


SNOW AND GLACIERS. 


A.— INTRODUCTORY. 


In a former chapter I have endeavoured to explain the 
cause of decrease of temperature as we ascend into the 
higher regions of the atmosphere; one of the conse- 
quences of this decrease is that, on mountains sufficiently 
lofty, the moisture of the atmosphere is precipitated in the 
form of snow. This takes place at lower levels as we 
proceed northwards or southwards towards the poles; so 
that differences in altitude on the surface of the globe 
correspond to differences in latitude. Thus it happens, 
that under the equator itself, we may ascend from the 
burning plains at the base of a mountain, through zones 
representing the sub-tropical and temperate climes, till 
near the summit we reach a climate corresponding to 
that which maintains all the year round at the North Cape 
or in Iceland, and find ourselves in a region where 
perennial snow covers the ground. Such is the case 
with reference to Mts. Kenia and Kilimandjaro in Africa, 
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which reach an altitude of about 18,000 feet, and of the 
Andes of Quito in South America, which attain an 
altitude of 22,000 feet immediately under the equator. 


B.—TuHE Snow-LinE: 1TS NATURE AND CAUSE. 


The presence of perennial snow, either on mountains 
or plains, is due to the predominance of all the causes 
tending to its accumulation over those tending to its 
waste or melting; hence, it does not follow that the snow 
never melts, or that rain never falls upon the regions of 
perpetual snow, but only that the accumulation should be 
in excess of the waste. According to Prof. J. D. Forbes, 
the annual mean temperature of the Snow-line varies 
according to latitude; thus, under the equator it is about 
35° Fahr., amongst the Alps and Pyrenees, about 25°, 
and in Norway (Lat. 68° N.) about 21°. It wouid 
seem, therefore, that the presence of perennial snow 
depends partly on the annual mean _ temperature, 
and partly on the amount of snow-fall. As we de- 
scend from the regions of perpetual snow towards the 
valleys of some mountain mass, such as the Alps or 
Pyrenees, we reach a zone wherein the mean temperature 
is higher than that required for the presence of constant 
snow, and from which snow is absent in the summer 
months; hence it is easy to understand that in every such 
region there is a limit of height for the perennial snow, 
not liable to much variation throughout considerable 
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tracts, and, as seen from a distance, marking a definite line 
along the mountain sides, above and below which the 
conditions are remarkably contrasted ; snow above, dark, 
almost naked rock below. Such a line is called the 
Limit of Perpetual Snow, or more briefly the Sxow-Line. 


C.—LEVELS OF THE SNoOwW-LINE IN VARIOUS 
CouNTRIES. 


~~? 


The traveller who has had the opportunity of beholding 
the range of the Swiss Alps from the crest of the Jura 
Hills, and has looked across the great valley of the Rhone, 
is not likely to forget the magnificence of that view, or the 
striking aspect of the snowy region, as contrasted with 
that which lies below it, throughout a distance from left 
to right of about thirty miles. As seen from this position, 
the Snow-line is level and clearly defined. Above, and 
reaching to the summit of Mont Blanc itself, is a region 
of dazzling and ethereal brilliancy, glistening in the sun- 
shine, or here and there enfolded in fleecy wreaths of 
cloud. Below, masses of rock, almost black by contrast 
with the snow-land above, descend into the region of the 
pines, which in turn gives place to the verdant valleys 
and plains, broken by occasional crags and isolated hills, 
leading down to the margin of the lake which fills the lap 
of this the grandest of Swiss valleys.* 


* This enchanting view used to be seen by travellers from Paris to Geneva, 
when the journey was made by coach across the Jura from Dijon. Now, however, 
since the opening of the railway,it is seen by few, and much to the loss of the 
many. 
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The level of the Snow-line has been carefully determined 
for all regions where perennial snows are found; the prin- 
cipal of which are, for the Eastern Hemisphere, Iceland, 
Norway, the Alps, the Pyrenees, the Caucasus, the 
Himalayas; and for the Western, the Andes of Patagonia, 
Chili, Peru, and Quito in South America, the Cordilleras 
of Mexico, and portions of the Rocky Mountains in the © 
Northern Continent. The great peninsula of Greenland is 
almost entirely covered by snow, which sends down 
glaciers into the Greenland Sea. 


The Snow-line nearly reaches the sea-level at the north 
of Spitzbergen, in latitude 80° N. In the Antarctic 
regions, according to the observations of Sir James Ross, 
the Snow-line descerds to the sea-level between latitude 
67° to 70°, so that the Southern Hemisphere is much 
colder than the Northern in circumpolar regions. A 
ereat sheet of ice and snow seems to surround the 
South Pole. 


The following are the levels of the Snow-line of the 
above :— 
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LL a pe SESE 


MounTAINs. Height of Snow-line 


3 LATITUDE. 
in feet. ‘ 


Alten in Fin- 
marken ... 3,480 70° N, 
Norway! Dovre Field | 5,200—5,360 | 62°2'N. 
es W. Side, 


Hardanger ,, 


AG ESOL Es; 9 60/N 
ARBORS. 0S, 
Swiss Side.. 8,100—8,200 
/ 
aes . Italian ... | 9,000—g,500 148° 5 s 
N. Side... 9,260 ; 
Pyrenees | Sate tes 8,300 142 30'N 
MAMGASGS°) sz Sie 4: 10,400 foot, SN: 
Se ae N. Side 18,600 ) 
ears Sie. is 15,500 pao ore 
Cordilleras of Mexico... 14,100 > gmap A | 
Andes of Quito... ... | . 14,800 02°38; 
hE 6011 Ce ee 13,800 Phos 
Tierra del Fuego... ... 3,480 54° S. 


* In the case of the Himalayas, the difference of level of the snow-line on the 
north and south sides is owing to the greater precipitation of snow on the latter, 
which more than counterbalances the differences of temperature, 


N 


186 Phystography. 


D.—GLACIERS: THEIR ORIGIN AND OFFICE IN NATURE 
AND Laws oF MOTION. 


Glaciers are to snowfields what rivers are to lakes and 
drainage basins. They are the channels by which the 
vast accumulations of snow in certain districts find an 
outlet, and they are present in nearly all regions where 
there are large masses of perennial snow. ‘The term 
‘stream of ice’”’ is peculiarly applicable to them, as it 
has been found that the motion of a glacier down a 
valley, though very slow as compared with that of most 
rivers, is not unlike that of a river along its channel. 


Glaciers, then, may be regarded as rivers of ice, 
having their sources in the snowfields which occupy the 
higher eminences of many mountain ranges; and, flowing 
down the valleys far beyond the limits of perpetual snow, 
ultimately dissolve away on reaching a lower level. They 
consist essentially of ice, generally of a deep azure hue, 
and perfectly clear, and possessing a banded or veined 
structure, due to the alternation of bands of cellular, 
whitish ice, with others formed of compact, blue, glassy 
ice, which on weathering stand out beyond the more 
cellular bands.* The change from snow to ice takes 


*For an account of the historical part of the subject, the reader may consult 
Tyndall’s Glacters of the Alps (1860.) 
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place to a great extent at that part of the glacier where it 
merges into the snowfield, known as the Névée; and the 
glacier, in places where the descent is steep, is rent by 
vertical fissures, known as ‘‘ crevasses,’’ which radiate 
upwards from the sides towards the centre, and are 
caused by the strain due to the faster motion of the 
centre than of the sides. The surface is partially occu- 
pied by masses.of rock and débris, which accumulate along 
the sides, and also form long trains down the central 
parts. These masses, called ‘ moraines,” are derived 
from the cliffs which overlook the glacier, fragments from 
which from time to time fall on its surface. These, some- 
times immense, trains of fragmental matter are deposited 
at the end of the glacier, forming ‘‘ terminal moraines,” 
and at this’ point a muddy stream of ice-cold water, whose 
roar is often to be heard underneath the glacier, issues 
forth from an icy cavern, and forces its way downwards 
through the boulders and shingle into the verdant valley 
below. : 


The structure and motion of glaciers, and effects of 
glacial action on the rock surfaces, have been studied by 
many naturalists during the last hundred years; and the 
names of Charpentier, Agassiz, De Saussure, and James 
Forbes, will ever be inseparably connected with the sub- 
ject of glacier motion.* To Forbes and Agassiz, how- 


* J. D. Forbes, Travels through the Alps, (1843), also, Norway and its Glaciers, 
p. 234, (1853). The fact that the centre of a glacier moves faster than the sides was 
demonstrated by M. Agassiz, by experiments on the Glacier of the Aar, carried on 
about the same time as those of Forbes, and the results communicated to the 
Aoademy of Science, 29th Aug., 1842. 
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ever, science is indebted for determining the laws of 
glacier motion from observations, with mathematical 
instruments, taken amongst the Swiss Alps. Forbes’ 
experiments were carried out on the Mer de Glace, above 
Chamounix, and the results arrived at may thus be sum- 
marised. 


(1.) The motion of the highest part of a glacier 
is, on the whole, slower than that of the lower por- 
tion, but the motion of the middle region is slower 
than either. This only applies to certain glaciers 
like the Mer de Glace. 


(2.) The central part of a glacier moves faster 
than the sides, and the surface faster than the 
bottom. | When two glaciers unite, they act as 
a single one in this respect, just as two united 
rivers would do.. Also, when a glacier bends, the 
line of quickest flow shifts towards the exterior 
angle of the valley, in which respect, also, the 
motion of a glacier resembles that of a river along a 
valley. 


(3.) The difference of the motion of the centre 
and sides of a glacier varies :— 


(a.) With the season‘of the year; and 


(b.) At different parts of the glacier valley. 
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(4.) The rate of motion of a glacier varies with 
the period of the year and the temperature of the 
air, being faster in warm, and slower in cold, weather. 


E.—CaAusE oF GLACIER MoTION. 


Various theories have been advanced to account for 
the motion of glaciers; but the knowledge that a glacier 
moves along its bed in a manner similar to that of a 
river inclines us to the belief that the motive force in 
each case is the same, namely, the force of gravitation. 
This observation applies essentially to those glaciers 
which move down the bottom of a valley; because, when 
ice is spread as a vast sheet over a nearly horizontal or 
undulating tract of country, there is reason for believing 
that another force than that of gravitation comes into 
operation, viz., that arising from the alternate melting 
and regelation of the glacier-ice itself. The dilatation 
theory of Charpentier, according to which a glacier is 
impelled by water percolating from the surface through 
fissures into the ice, and from time to time expanding 
while freezing, and thus forcing the glacier forward, has 
been recently advocated and developed by Dr. Croll.* 
The fact that glacier-ice is capable of moving over ridges 
or hillocks which obstruct its general course by a force 
from behind, or within the mass itself, leads to the con- 


* Croll, Climate and Time, Chap. xxi., p. 514. 
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clus: n that occasionally some other force than that of 
gravity comes into play. Perhaps we may be allowed to 
conclude, that under special conditions, such as those of 
an Alpine or Norwegian glacier valley, gravity is the 
chief impelling force, while in cases where, owing to the 
generally level character of the floor, gravity would be 
ineffective, regelation and dilatation are the operative 
agencies.* Passing, however, from this subject, we 
proceed to consider the effects of glacier action, which 
admit of no question. 


F.—EFFEcTS OF GLACIER ACTION. 


The effects produced by the motion of glacier-ice over 
the surface of the land may be stated as follows :— 


(1.) The polishing, grooving, and striation of 
rock-surfaces. 


(2.) The scooping out of hollows in the solid 
rocks, which afterwards become rock-basins and the 
beds of lakes. 


(3.) The formation of moraines, and distribution 
of erratics or boulder-stones. 


* The question is very fully treated in Tyndall’s Glaciers of the Alps, to which 
the reader is referred. 
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(4.) The sculpturing of the rocks into mammi- 
lated forms known as Rochés Moutonnées, and 
perched blocks or boulders ; and 


(5.) The formation of boulder-clay. 


A brief account will now be given of these phenomena. 


(1.) The Polishing, Grooving and Striation of 
Rock-Surfaces. 


Notwithstanding that a section of a glacier, when first 
seen, presents the appearance of absolutely pure ice, 
it really contains some fine grains of sand and fragments 
of stone which have become firmly imbedded in its mass; 
and, as the glacier moves along, these substances, acting 
under great pressure, produce the effect of a planing and 
grinding machine, by which the bottom and sides of the 
valley, or hill-side, which have been subjected to glacial 
action, ultimately become ground down, striated, and 
grooved ; the strize and grooves indicating the direction 
along which the ice has travelled. Surfaces of rock 
which have been subjected to this action, if protected by 
clay from weathering, often exhibit the effects with re- 
markable freshness, though thousands of years may have 
elapsed since the disappearance of the ice. 
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(2.) The Formation of Hollows and Lake Basins. 


From a consideration of what has been said above, it 
will be inferred that glaciers possess the power, not: only 
of grinding down prominences into smooth surfaces, but 
of hollowing basins in generally flat plains. Where a 
glacier debouches from a narrow valley on a plain, such 
asis formed by the Upper Rhone where it enters the plain 
of Geneva; or where a glacier descends from the crest 
of a mountain on a comparatively level surface beneath, 
such as is inclosed by a “cirque” or ‘‘coomb,” it will 
necessarily have the effect of grinding down the surface; 
and a hollow will be formed which, on the retreat of the 
glacier, will become filled with water, and form a lake or 
mountain tarn. To such an origin Sir A. Ramsay has 
attributed the formation of many lakes and mountain 
tarns of Europe and the British Isles,* where the 
evidences are abundant and conclusive that the mountain- 
ous tracts were once the seat of snowfields and glaciers ; 
though, from the amelioration of the climate, the peren- 
nial snows have altogether disappeared. In another way, 
also, glaciers have been instrumental in forming lakes. 
The terminal moraines left on the melting away of the 
ice have ultimately become embankments, whereby the 
river waters have- been dammed up and converted into 


* Ramsay, On the Glacial Origin of certain Lakes, &c., Quart. Four. Geol. Soc., 
Vol. xviii. (1862). Also, Phys. Geol. & Geog. of Gt. Britain, Edit. 1878, p. 432. 
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lakes. Numerous examples of lakes of both kinds are to 
be found amongst the highland glens of England and 
Wales, Ireland and Scotland, as well as in other parts of 
the temperate regions of the world. 


Sea-lochs.—Around the coast of the British Islands, 
but especially in Ireland and Scotland, are to be found 
inlets of the sea, with shallow bars or entrances, which 
deepen as we proceed up from the entrance towards 
the central parts. In such cases it will generally be 
found that the banks of the loch are more or less glaciated ; 
and there can be little doubt that the basin-shaped forms of 
such lochs owe their character to the same cause which 
has produced the rock-basins, now occurring as lakes. 
These sea-lochs are in fact true rock-basins occupied by 
sea-water, which passes in and out over a solid bar of 
rock, but slightly submerged, or possibly intertidal, as in 
the case of the Connel Falls at the entrance to L. Etive 
in Argyllshire, where a powerful flood of sea-water rushes 
inwards during the flow of the tide, and is succeeded by 
another with the opposite current during the ebb; each 
time with the roar of a cataract. On looking at the 
Admiralty map it will be seen that, as we proceed upwards 
from this intertidal bar, the depth of the loch increases to 
76 fathoms above Aird Bay, forming altogether a curved 
trough, deepest near the centre, and gradually shallowing 
upwards and downwards.* Little Loch Broom presents 


* For a map of this and other Scottish sea-lochs, consult Dr. James Geikie’s 
Great Ice Age, p. 300. 
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another example, as does L. Long, L. Fyne, and L. 
Sunart. Ifthe bar at the entrance to L. Lomond were 
but 20 feet lower, the waters of the sea would gain an 
entrance, and we should have ebb and flow of alternately 
salt, brackish and fresh water; while opposite Tarbet the 
bottom descends to a depth of 89 and ultimately of 105 
fathoms. ‘The banks, sides and beds of all these lochs 
afford ample evidence of glacial erosion; and we are 
justified in referring their basin-shaped conformation to 
this cause. In Ireland a similar, but less striking, example 
of a sea-loch is to be found in the case of Carlingford Bay, 
which at the entrance has a rock bar with only 4 fathoms 
of water at meantide, but higher up the loch the bottom 
descends to a depth of 16 fathoms. Another example 
will be found in the case of Killary Harbour, a narrow 
fiord-like arm of the sea, which stretches inwards from 
the Atlantic to the base of the Connemara Mountains. 
Near the entrance the maximum depth over the rocky 
bar is only 5 fathoms, but inwards.the depth increases to 
12 fathoms, and so continues for a long distance. Here 
again, all along the shore, the evidences of glacial action 
are most striking, the rocks being polished, striated and 
grooved in lines parallel to the channel. Other examples 
might be cited, but the above will probably be considered 
sufficient for the purpose of illustration. 


(3.) The Formation of Moraines. 


The formation of moraines has already been explained ; 
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those of the sides constituting lateral, those of the 
centre, medial, and those of the lower end, terminal, 
varieties. Medial moraines originate at the point where 
glaciers of two valleys coalesce to form one, as in the 
case of the Glaciers de Lechaud and Du Géant at the 
foot of Mont Tacul, which give rise to the principal 
medial moraine of the Mer de Glace in Switzerland. As 
elaciers undergo periodic changes of dimensions, some- 
times protruding far down the valleys, sometimes receding, 
successive terminal moraines may thus be formed; and 
where a glacier has altogether disappeared, its retreat is 
sometimes marked by successive terminal moraines 
thrown across the valley, indicating pauses in the course 
of final dissolution. ' 


(4.) The Sculpturing of Rocks. 


The sculpturing of rocks into mammilated forms has 
already been referred to. As the grinding process is 
necessarily most effective on the side of a projecting rock 
opposed to the course of the ice, this side is generally 
worn down to a smooth and polished surface, the other 
side often escaping the eroding action of the glacier. In 
this way forms of projecting rock surfaces called ‘“ crag 
and tail” are produced, from which the direction of the 
ice movement may beinferred. Numbers of such smooth 
rocks, cropping out along the mountain side from amongst 
the herbage, and having somewhat the appearance of a 
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flock of sheep, have given rise to the French term, Rochés 
Moutonnées, which is now applied to them exclusively. 
Transported blocks of rock are sometimes found perched 
on the edge of crags, and in other critical positions. 
These, from their composition, can be traced to their 
sources, and are often of such huge size as to make it 
impossible to refer their transport to any other agency 
than that of glacier ice. Enormous blocks of gneiss and 
granite from the Central Alps are thus to be found strewn 
on the flanks of the Jura hills above the Lake of Geneva ; 
and they are very numerous in most parts of the British 
Isles, except the South of England. 


(5.) The Formation of Boulder Clay. 


Boulder clay (or Moraine profonde) consists of stiff 
clay containing stones and boulders, which are often 
glaciated. The clay is only occasionally laminated, and is 
of a reddish or blue colour; it often covers a surface of 
rock which has undergone erosion by ice. Boulder clay 
is considered to be a deposit which has been left by a 
elacier—or sheet of ice—after its disappearance, and it is 
found in many of the plains and valleys of the British 
Isles, and over extensive tracts of Northern Europe, 
which are believed to have been overspread by a great 
sheet of ice during the Glacial Epoch.* 


* For an account of the mode of formation of boulder clay, the reader is referred 
to Prof. James Geikie’s Great Ice Age; or Croll’s Climate and Time. 
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G.—FOoRMATION OF ICEBERGS IN THE GREENLAND SEAS. 


The floating islands of ice, which enter the North 
Atlantic through Davis Straits in early summer, and are 
often a cause of danger to ships crossing between 
America and Europe, have their origin chiefly in the vast 
snowfields and glaciers of Greenland. The whole interior 
of that great promontory is enshrouded in snow, and the 
glaciers which descend its valleys seawards, and which 
aresometimes over 2,400 feet in depth, are protruded into 
the waters of the ocean, sometimes to a distance of two 
miles; and, ultimately, when the buoyancy of the ice has 
become sufficient to overcome the cohesion, sections break 
off from the main mass, and, rising majestically in the 
waters, float away, often turning over or bursting asunder 
with a noise like thunder. Dr. Sutherland, who witnessed 
these magnificient operations in 1852, states that in 
August of that year the whole coast southwards of Mel- 
ville Bay, extending over a space 180 miles in length, 
and from 12 to 15 in breadth, was rendered perfectly un- 
navigable by reason of the number of icebergs floating in 
the waters.* The constant rise and fall of the tides 
exerts great power in detaching icebergs from their 
parent masses, as by this means a hinge-like action is set 
up as soon as the edge of the glacier comes within its in- 
fluence, and is carried on even when the surface of the 


* Quart. Fourn. Geol, Soc., Vol. ix., p. 305. 
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sea for many leagues is covered by a continuous sheet of 
ice. The mode in which icebergs are formed is illus- 
trated by the ideal section (Plate XII). Enormous ice- 
bergs are annually sent off from the edge of the ice-sheet 
which covers the Antarctic continent. 


H.—ForMER EXTENSION OF GLACIAL CONDITIONS. 


There is the clearest evidence that at a recently passed _ 
epoch the glacial conditions of the northern hemisphere 
were vastly more extensive than at the present day. Not 
only did the existing glaciers of the Alps, the Pyrenees, 
the Scandinavian Chain, the Caucasus, and of the 
Himalayas, descend far below and beyond their present 
limits, filling the now fertile valleys, and covering the ad- 
joining plains with ice; but large portions of the British 
Isles were enveloped in perennial snow and ice, as were 
also the plains of North Germany, as far south as 
lat. 51° N. ‘The same observation applies to a large 
area of North America and Canada. An immense sheet 
of ice and snow, moving southwards from the Arctic 
circle, debouched on the plains of North America, covering 
the region of the great lakes, and stretching as far south 
as lat. 38° to 40° N., where its terminal moraine 
has been traced for three thousand miles from the 
Atlantic sea-board.* From off these regions of the 


* T.,C, Chamberlain, Third Report U.S. Geological Survey. 


PLATE XT. 


TO ILLUSTRATE THE FORMATION OF ICE-BERGS, 


FROM A GLACIER IN THE GREENLAND SEAS. 
(After Prestwich.) 
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northern hemisphere, the perennialice and snow has now 
disappeared, except in very restricted mountain heights, 
and we can realize the extent of the change in climate 
which this change indicates. It is worthy of remark that, 
at the period referred to, the ice-sheet extended consider- 
ably further south in America than in Europe, corre- 
sponding to the range of the present annual mean 
temperature of both countries.* 


f~-Han, 


The formation of hail has not yet been satisfactorily 
accounted for, but from the fact that it commonly accom- 
panies thunderstorms, even in warm weather, and is 
attended by a sudden lowering of the temperature, we 
may infer that it is due to the sudden refrigeration of the 
air during electrical discharges. Hailstones are some- 
times of large size, varying from the size of a pea to that 
of a hen’s egg, and consist of compact masses of ice, 
generally angular in form, and, as hail usually occurs in 
summer at a time when vegetation is in full vigour, it 
causes much damage to plants and trees. Hail differs 
from snow in that the latter consists of water frozen into 
stellate crystals, variously modified, the former of solid 
amorphous ice. Numerous beautiful modifications of 
snow crystals have been noticed and described. 


* A map showing the extent to which the British Isles were enveloped in 
glacial ice and snow will be found in my Physical History of the British Isles (1883), 
Pilate xiii.; and another of the World on Mercator’s Projection, showing its condi- 
tion during the period of greatest cold,is given by Prof, Prestwich in Geology, 
Vol. ii., p. 468. 
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J.—WATERSPOUTS. 


These meteoric bodies have been observed both by sea 
and land, and are sometimes a source of danger to ships. 
They consist of masses of vapour suspended in the lower 
strata of the atmosphere, or hanging in columns from the 
clouds, and endowed with a gyratory motion, sometimes 
of sufficient strength to uproot trees, and.cause destruc- 
tion to buildings with which they happen to come into 
contact. During the formation of a waterspout, thunder 
and lightning often occur, together with hail or rain; 
hence their connection with special electrical conditions of 
the atmosphere cannot be doubted. Waterspouts gene- 
rally occur when the air is perfectly still. 7 


When they take place at sea they present a remarkable 
appearance, as the pillar of cloud appears to descend through 
the atmosphere and meet another rising from the surface 
of the waters; but as the water has always been found to 
be fresh, it has been assumed that the latter appearance 
is deceptive. As regards their origin, Kemtz assumes 
that they are due chiefly to two opposite winds, which 
pass by the side of each other; or to a very high wind 
which prevails in the higher regions of the atmosphere. 
Peltier and many others ascribe to them, with more 
probability, an electrical origin.* 


= 


* Ganot’s Physics, by Atkinson, 12 Edit., p. 962. 


CHAPTER XII. 
UNDERGROUND WATERS AND SPRINGS. 


< 


A.—PrERcoLATION or RAIN THROUGH THE STRATA. 

In connection with the subjects of Rainfall and Rivers 
some observations on that of Springs are necessary. It 
is doubtless a very large one if dealt with in all its 
branches, and in any degree to a full extent. But without 
going much into detail, the leading facts regarding the 
percolation of underground waters, and their escape in 
the form of springs, may be placed before the reader.* 


The rain which falls on the surface is disposed of 
severally and naturally in three ways :— 


* Much information on this subjeet will be found in A. Daubrée’s Les Eaux 
Souterraines, 3 Vols. (1887), Prestwich’s Geology, Vol. i. (1886). Sterry Hunt, 
Chem. and Geol, Essays (1879). Reports of Committee, Brit. Assoc., on Underground 
Waters, drawn up by C. E. De Rance. Report of Royal Commission on Water 
Supply. 

O 
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(x.) A part of it passes off again into the air by 
evaporation ; 


(2.) Part flows off the surfaces in streams; and 


(3.) Part enters the soil, and, percolating down- 
wards through the pores and fissures of 
the rocks which form the crust of the earth, 
either remains locked up in them, or finds 
its way out into the air in the form of 
springs. 


The relative proportions of the rainfall thus disposed of 
depend on several conditions; as, for example, the tem- 
perature and humidity of the air, and the porosity of the 
soil and strata. Ifthe temperature be low, and the air 
nearly saturated with moisture at the time of rainfall, 
little of that rainfall will be lost by evaporation; nearly the 
whole being used up by percolation, or passing off in 
streams. On the other hand, if the temperature be high, 
the air tolerably ‘dry,’ and the soil highly impervious, 


nearly the whole will pass off by evaporation and by 
surface streams. 


B.—PERMEABLE AND IMPERVIOUS STRATA. 


Some rocks and strata are much more pervious to rain 
than others. Amongst the more pervious varieties are 
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sand, sandstone and conglomerate, limestone (espe- 
cially chalky strata), and various kinds of porous volcanic 
rocks. Slaty and gritty strata, such as those of Silurian 
age, probably depend for their permeability on the amount 
of fissuring to which they have been subjected; while 
stiff clays and shales are only very slightly permeable, or 
absolutely impervious to water. Owing to these qualities, 
the Old Red Sandstone, the Triassic sandstones, some 
beds of Millstone grit, the Jurassic limestones, the 
Lower Greensand and Chalk formations, constitute the 
more important water-bearing formations of the British 
Isles. 


The following are some examples showing the propor- 
tion of water which various rocks are capable of absorb- 


ing :— 
Water of saturation per 


cubic foot. 
Thanet Sand (fine, slightly argil- 
laceous) « . : é . 2°80 gallons. 
Lower Greensand (very COAISE) 52°13 2 
Chalk . > j ; : 2200 i 
Oolitic limestone* ; ae (8 ‘3 
Magnesian Limestone* . pe 97. Gy 
Millstone Grit (Bristol)* . 7 10-00 me 
_ 5 @heffeld)* .. ens Ks 
Old Red Sandstone (Gloucester- 
shire)*. . , ‘ Peak hy re 


* E. Wethered, Rep. Brit. Assoc.,On Underground Waters (1882), The results 
in the case of the Greensand and Chalk are by Prof. Prestwich. 
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Sandstone absorbs from 2:2—2°7, and for very porous 
varieties, 6:g—9°3 per cent. of its volume. If we take as 
a mean 2°5 per cent. for the volume of water which a sand- 
stone formation, such as the Potsdam sandstone of 
America, is capable of absorbing, we find that with a 
thickness of 100 feet the formation would contain, in 
every square mile, in round numbers, 70,000,000 cubic 
feet of water.* With this result it is not surprising that 
some sandstone formations, such as the New Red Sand- 
stone of England, are found capable of supplying more 
than one million gallons per day of water when penetrated 
by deep wells. Itis to be recollected, however, that as 
Professor Prestwich has pointed out, the quantity of 
water available for supply from wells must be regarded as 
distinct from that which the rock can imbibe. The one is 
the portion which the rock holds until it is lost by evapor- 
ation, or driven off by heat; while the other is that which 
passes more or less freely through the strata. 


C.—PROPORTION OF RAINFALL ABSORBED BY STRATA. 


During the six months of the year when precipitation 
of rain is greatest and evaporation least, the amount of 
water which porous formations are capable of absorbing is 
enormous. ‘The chalk of the London Basin is one of 


* Dr. Sterry Hunt, Chemical and Geological Essays (Edit. 1879). Mr. Wilkinson 
has found that the Irish sandstones are capable of absorbing from one to eleven 


pounds of water per cubic foot. Pract. Geol. and Archit. of Ireland. Tables of 
Experiments. 
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these. Taking the rainfall for the six months at 16-42 
inches, and deducting 2°5 inches for saturation and 
evaporation, we have 13°92 inches as the amount which 
actually penetrates the strata, and becomes a source of 
supply. Now, each inch of water gives 39,666 gallons 
per square mile per day, and taking an area of 1,025 
square miles as the area of the chalk formation, extending 
up the Thames valley as far as Twyford, and lying on 
either side, and as far down as the meridian of the 
Medway at Sheerness, we find that the quantity of water 
available for supply, including that given off by springs, 
amounts in round numbers to 609,000,000 gallons per 


diem.” 


D.—INCREASE OF TEMPERATUKE RECEIVED BY 
UNDERGROUND WATERS. 


Owing to the increase of temperature on descending 
into the crust from the surface, waters which percolate 
downwards through the fissures become warm, and assume 
the temperature of the strata necessarily, and when the 
depth is sufficient approach that of boiling point; this 
would be reached at a depth of about 10,000 feet; but as 
the pressure is so much increased, actual boiling (that is 
giving off bubbles of vapour from within the mass) could 


* Experiments by Mr. J. Roberts on blocks of New Red Sandstcne, show that it 
is capable of absorbing 0°733 gallons of water for each cubic foot; and that the 
water passed through acubic footin 18 hours. Rep. Brit, Assoc. (Sections C. and 
G.) 1878. 
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not take place at that depth. To enable water to boil 
under the ordinary pressure of the atmosphere, a tem- 
perature of 212° Fahr. is necessary ; owing, however, to 
the elasticity of steam increasing more rapidly than the 
temperature, a depth would ultimately be reached at 
which steam would be formed within the interior of the 
earth, and would force its way into any cavities or 
fissures within its reach.* 


E.—ORIGIN OF SALINE SPRINGS. 


As water percolates through the strata, it necessarily 
takes up the soluble materials with which it comes in 
contact, which are extremely varied, and often abundant. 
The greater number of springs contain certain proportions 
of carbonate of lime, sulphate of soda, sulphate of lime, 


magnesia, or iron, chloride of sodium, and this last often _ 


in such large quantity as to produce brine. Again, water 
‘which percolates through strata throwing off carbonic 
acid in quantity, becomes highly charged with this gas, 
and thereby becomes carbonated water. The temperature 
of water exerts no influence on the properties of the salts 
dissolved in it, and comparatively little on the quantity 
of them that is taken up. The Carlsbad ‘“ Sprudel,” ata 


* It may be mentioned in this connection, that granitic rocks contain saline 
water, occurring in numerous minute cavities in the silica or quartz. This fluid 
belongs to the period of the original formation of the rock. 
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temperature of 167° Fahr., and the Nauheim spring at 
86° Fahr., bring up large quantities of carbonic acid. 
Brine springs, derived from water which has come in 
contact with beds of rock-salt, are numerous, both in Eng- 
land and the Continent: they occur in Cheshire, Stafford- 
shire, Cheltenham, and Worcestershire, and have been 
reached by borings at Rugby, Siafford and Middles- 
borough. 


Some of the saline waters found in Coal mines, as in 
the case of those of Ashby-de-la-Zouch, may be supposed 
to have been retained in the strata through long geologi- 
cal ages.* In North America saline springs and wells 
are numerous. Those from the Trenton Limestone and 
Medina Sandstone at Whitby, Hallowell, and St. Cathe- 
rine, are impregnated with chlorides of sodium, calcium, 
and magnesium, together with minute traces of iodides 
and bromides; and Dr. Sterry Hunt has arrived at the 
conclusion that, in some cases, these waters have been 
locked up in the strata from the period when the latter 
were deposited in the Paleozoic seas.} 


* An analysis of this water from the Moira Colliery, by Dr. Ure, gave the 
following results:—One Imperial Gallon contained, 
GRAINS. 


Chloride of Sodium ay 5c Pic ae ae 3,700.7 
Chloride of Calcium s te ae Pe ae 851.2 
Chloride of Magnesium .., is sui 16.0 
Bromides of Potassium and Magnesium ne aS 8.0 
Protochioride of Iron ahi J we a 4a trace, 

Total Pr 4575-9 


The above is taken from Mammatt’s Geological Facts, p. 35, (1836.) 
+ Chemistry of Natural Waters; Chem. and Geol, Essays, Chap, ix. and x, 


208 Physiography. 


F.—Hor SPRINGS. 


Except in volcanic districts where the waters derived 
trom underground sources may have come in contact with 
lava at a high temperature, the occurrence of hot springs 
may be accounted for by supposing that the waters perco- 
late through strata seated at considerable depths below the 
surface, and have, consequently, passed outwards towards 
the ground with a temperature belonging to the strata 
themselves. Such springs are found in nearly all parts 
of the world, including districts entirely destitute of 
modern volcanic rocks, such as Bath; but underground 
waters which flow along fissures having the form of an 
inverted syphon may issue forth at the surfaces consider- 
ably cooler than during a part of their course at greater 
depths. I shall offer a few illustrations of hot springs 
derived both from volcanic and non-volcanic sources. 


(1.) Volcanic Springs. 


Hot springs, accompanied by jets of steam, are abun- 
dant in Iceland, New Zealand, and the Yellowstone 
region of Western America ; all these derive their high 
temperature from highly heated volcanic rocks, though 
active volcanic action may have ceased, or become dor- 
mant. In Iceland, in some districts such springs abound. 
Here are seen oval basins, and large natural tanks, 
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formed of siliceous tufa, from which hot water is quietly 
flowing ; in other places there are round funnels of won- 
derful regularity, from which hot water is spouting up; 
while, again, it shoots up from little crater-like cones 
formed of siliceous-sinter, or palagonite. The grandest of 
all these are the Great Geyser and the Strokkr, so well- 
known and often described that repetition is unnecessary 
here; and not less remarkable are those of the National 
Park, in the territory of Wyoming, in North America. 


Hot springs, accompanied by steam jets, occur in the 
Lagoons of Tuscany, on the islands of Ischia, Lipari, 
and Pantellaria; at Baiz and at St. Germano, near 
Naples; they are also found at Teneriffe and Jorullo, in 
Mexico, besides the countries mentioned above. It is 
possible that some of the hot springs of Palestine and 
the Jordan Valley may derive, at least, a portion of their 
heat from partially heated volcanic rocks. Of these the 
most remarkable are the Zerka Ma’in (or Callirhoé), which 
enters the Dead Sea from the east with a temperature of 
130° Fahr., and the Hammam springs, near the Sea of 
Tiberias, with a temperature of 143.3% Fahr.* In order 
to account for those of an intermittent character, we may 
suppose, with Bunsen, that there are underground 
hollows into which water and steam find their way. As 
the temperature increases the elastic force of the steam, 


* Tristram, Land of Moab,(1873). Lartet, Voyage d’Exploration de la Mer Morte, 
(1880). Hull, Geol. of Arabia Petrea and Palestine, Memoirs Palestine Explora- 
tion Society, (1886), p. 22. 
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increasing in a still greater ratio, ultimately acquires such 
force that the water is driven out of the internal chamber 
into the funnel, through which it ascends into the air. 


(2.) Non-Volcanic Springs. 


Amongst the best-known hot springs, which are cer- 
tainly independent of volcanic action, are those of Bath 
in the West of England. Here there are three springs 
of saline and alkaline waters, with a temperature from 
112° to 116° Fahr. The dissolved materials consist of 
chlorides of sodium, magnesium, sulphates of potash, 
soda and lime, and carbonate of lime, together with large 
quantities of nitrogen and carbonic acid gas; and the 
quantity of water issuing forth leads to the conclusion 
that the gathering ground must be considerable. The 
existence of the Bath thermal springs is accounted for in 
this way. The City of Bath lies in the narrow valley 
of the Avon, amongst the Jurassic limestone hills, and is 
built on the Lias formation. Belowthe Lias are Triassic 
strata, and below these Carboniferous, in unconformable 
sequence. Some miles to the south, the Mendip hills, 
formed chiefly of Carboniferous limestone, rise to a higher 
level, and Sir C. Lyell believed that the waters from these 
hills descending with the limestone strata which are 
highly cavernous, below the position of Bath, ultimately 
force their way to the surface by hydrostatic pressure, 
and with a temperature due to the depth to which they 
had descended. 
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Amongst the Continental hot wells of the non-volcanic 
class, are those of Wiesbaden, with a temperature of 
70° Cent. (158° Fahr.) ; Baden-Baden, at 67° Cent. 
(153° Fahr.); Carlsbad (‘‘Sprudel’’), at 75° Cent. (167° 
Fahr.); of Lavey, in the Canton of Vaud, at 45° Cent. 
(113° Fahr.); of St. Gervais, in Savoy, at 41°'25° Cent. 
(106°25° Fahr.); the Aigues-Chaudes, in Cantal, in 
France, at 87° Cent. (189°5° Fahr.); Vichy, with one . 
spring at 45° Cent. (113° Fahr.); and the Kaiserquelle 
at Ofen, at 61° Cent. (141° Fahr.). According ‘to 
Daubrée, the hot springs of Baden-Baden, as also those 
of Erlenbad, Saeckingen, and of Royat in Auvergne, 
issue forth along well-marked lines of faulting, by which 
formations of different kinds and ages are brought into 
contact.* To the above we may add the remarkable 
warm springs of ‘* Ain es Sultan,” in the valley of the 
Jordan near Jericho, with a temperature of 71° Fahr. 
The high temperature of some other springs in this 
valley, may (as already intimated) be due to former 
volcanic action. 


* Daubrée, Les Eaux souterraines, t. i., p. 173- 
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ARTESIAN WELLS AND UNDERGROUND 
WATERS. 


A.—CONDITIONS UNDER WHICH THEY OCCUR. 


When rain falls upon porous strata, that part of it which 
enters the ground gradually sinks down until it is retained 
by some impermeable stratum, or is unable to penetrate 
further, owing to the increased density of the rock itself, 
due to pressure. Where this latter factor does not come 
into operation the waters form underground reservoirs, 
the upper surface of which is generally curved either 
upwards or downwards according to circumstances. 
Thus, in the case of the waters of the Chalk formation 
which naturally find an outlet by springs along the 
margin of river valleys, or at the junction with the almost 
impervious ‘‘chalk-marl’’ along the borders of the 
terminal escarpments, the surface of the underground 
reservoir slopes upwards with the ground, and wells, in 
order to obtain a supply of water, have to penetrate 
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Fic. 8.—SEcTION THROUGH THE CHALK Downs or BERKS. AND 
WILTS., TO SHOW POSITION OF SPRINGS AND WATER-BEARING 
SAC BAT 


Chalk Downs 
Cc 


C.—The Chalk Formation. The unshaded portion being above 
the surface of the underground reservoir, represented by the 
portion shaded with horizontal broken lines. 


M.—The nearly impermeable strata called ‘‘ chalk-marl ” giving 
rise to springs at Sp. 


G.S.—Upper Greensand, water-bearirg, and resting on the 
impervious Gault-clay (G), giving origin to a second series of 


springs (Sp). 


downwards, through nearly dry strata, to the surface of 
the subterranean basin. ‘This will be more readily under- 
stood by reference to the figure (Fig. 8). 


On the other hand, when the permeable strata dip 
downwards from the outcrop, forming both a superficial 
and geological basin or trough, the surface of the under- 
ground reservoir slopes downwards, as the resistance 
of the planes of bedding to transgressive percolation, 
obliges the water to percolate more or less in a direc- 
tion coincident with these planes. The lower strata 
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of water in such cases occur under hydrostatic pres- 
sure, consequent on the relative levels of the gathering 
ground and the centre of the basin; and wells or 
bore-holes put down in the central parts of such 


Fic. 9.—SHOWING STRUCTURE OF GROUND NEAR TRENTHAM, 
STAFFORDSHIRE, AND POSITION OF BOREHOLE WITH 
FOUNTAIN OF WATER. 


N.R.S.—A ridge of New Red Sandstone and Conglomerate 
highly permeable and water-bearing, resting on nearly im- 
pervious strata of marl belonging to the Permian formation. 
The position of the underground reservoir is shown by the 
horizontal broken lines; and the bore-hole at Hatton, having 
penetrated deep into the water-bearing strata, the water rises 
above the surface by hydrostatic pressure. 


basins release the waters, and admit of their rising up- 
wards through the strata, and if the pressure be sufficient, 
of spouting in a column above the surface of the ground, 
as represented in figure adjoining (Fig. 9). 
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The conditions under which artesian wells may be 
formed are well illustrated by the geological structure 
of the London Tertiary Basin (Fig. 10). They consist 
essentially of a permeable formation (like the Chalk), over- 
lain by another that is impervious (like the London Clay), 
‘and both arranged in the form of a geological basin or 
trough. In such a case the rainwater, percolating down- 


Fic. 10. —SECTION THROUGH THE LONDON BASIN. 


s North N 
& Downs : 
ee py FE < x 


SS 


\ 
\ 


Cl.—London Clay, &c. (Lower Tertiary Strata). 


C.—Chalk-formation ; the water-bearing portion being shown by 
the horizontal broken lines. 


G.—The Gault Clay formation; impervious. 


S.—The Lower Green Sand; water-bearing and giving rise to 
springs (Sp.). 


wards into the permeable beds, and flowing in the direc- 
tion of the centre of the basin, is retained at hydrostatic 
pressure by the superincumbent impervious beds, and is 
unable to escape in a vertical direction till released by a 
shaft or well sunk from the surface. Naturally, the pent- 
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up waters find an outlet in springs (Sp.) which break out at 
the surface along the margin of the upper impermeable 
beds (which is the level of saturation), as is the case 
along the line of junction of the Chalk and London Clay 
to the south of the Thames Valley. Somewhat similar 
conditions of alternating permeable and impervious strata, 
concentrically arranged, give rise to springs, and admit of 
artesian wells in the Paris basin.* + 


* Daubrée, Joc cit., T.i., p. 81. 


a re 


CHAPTER XIV. 


OTHER CONDITIONS OF TEMPERATURE OF 
WATER. 


A.—FoRMATION OF GROUND-ICE. 


At the commencement of a frost we often find the 
bottom of a river of no great depth coated by ground- 
ice, the mode of formation of which is not very clearly 
understood. | The formation is thus accounted for by 
Buff.* Since ice is lighter than water (its specific gravity 
beirg 0.916) one would expect that it could only appear 
at the surface; nevertheless, it is often found at the 
bottom of rivers, especially in such countries as Canada, 
where it is known as “‘anchor ice.” Now the growth of 
ice, like that of any other crystalline substance, is very 
much promoted by the presence of a solid nucleus, as of 
a crystal already formed, or of a particle of solid matter. 


* Buff, Joc, cit. p. 171. 
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Ice is never formed from the middle of a basin of water, 
but always starts from the sides and goes on growing 
towards the centre; but if a piece of ice be hung in the 
midst of some freezing water, it will forthwith grow in 
size by the addition of fresh ice. If there be no such solid 
particles present, the temperature of the water may be 
lowered below 32° Fahr. (0° Cent) before it begins to 
solidify. At the commencement of frost. the water of a 
stream, being cooled down below freezing point, is forced 
in the course of its current to the bottom, and here first 
meeting with some solid substance gives rise to the first 
formation of ice on the bottom. The ground-ice by con- 
tinued additions increases its growth, till, at length, 
being lighter than water, it rises by its buoyancy to the 
surface, carrying with it mud, stones, &c., which thus 
betray its origin. In stagnant water ground-ice is never ~ 
found. 


B.—TEMPERATURE OF WATER IN DEEP LAKES. 


At the bottom of deep lakes the temperature is un- 
changed from year to year, being generally above 39.2° 
Fahr. (49 C.)—the point of maximum density of water, but 
seldom or never lower; and since this is the temperature 
of maximum density it is impossible that deep stagnant 
water should be cooled down below it, because as the 
water is cooled dow to this point at the surface it de- 
scends, layer by layer, and is replaced by warmer masses. 
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In the Lake of Geneva, the effect of the changes of 
external temperature have been traced to a depth of 240 
feet ; from this depth downwards to that of nearly 1000 
feet an unvarying temperature of 34.9° Fahr. (6.6° Cent.) 
prevails. In the Lake of Constance a constant temper- 
ature of 40.1°. Fahr. (4.5° Cent.) prevails in the deeper 
parts, and in that of Neuchatel of 41° Fahr. (5° Cent.) 
prevails. The slight excesses in some cases are probably 
attributable to the heat of the bottom. 


CHAPTER XV. 


TERRESTRIAL MAGNETISM. 


Al=*HISTORICAL OKETCH. 


The attractive power exerted by a natural magnet, or 
lodestone,* on small pieces of iron seems to have been 
recognized from remote antiquity. It is referred to by 
Homer, Pythagoras and Aristotle, and at a later date by 
Pliny. The Chinese are credited with the invention of 
the magnetic needle, and the mariner’s compass was 
certainly known in the 13th century, if not earlier, as 
Dr. Gilbert affirms that Paulus Venetus brought this in- 
strument from China into Italy in 1260. When Columbus 
set sail on his Voyage of Discovery, after leaving the 
European waters, the sailors discovered that the magnetic 
needle varied from its direction towards the Pole Star, 


* The name for magnetic iron-ore, or magnetite; which crystallizes in the 
monometric system, and has the chemical composition Fe3 O 4. 
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the variation increasing daily as they proceeded west- 
ward. It seemed to them as if the laws of nature were 
changing as they receded from the old world, and that 
they would be bereft of this guide as they traversed the 
vast and trackless ocean before them. Thus they were 
filled with dismay, and Columbus had to task his powers 
of invention for reasons wherewith to allay their terrors. 
He told them that the direction of the needle was not 
towards the Pole Star, but to some fixed and invisible 
point. The variation, therefore, was not caused by any 
fallacy of the compass, but by the movement of the 
North Star itself, which, like other heavenly bodies, had 
its changes and revolutions, and every day described a 
circle round the Pole.* It was not, however, till about 
the middle of the sixteenth century, that accurate obser- 
vations were made on the variation of the needle. In 
1541 it was found that the variation (or declination) of 
the needle from the meridian of Paris was about 7°—8° 
easterly ; in 1550, it was 8°—g°; and in 1580 it was 
114°, 


The discovery of the dip (or inclination) of the needle 
was made in 1576, by an instrument maker, Robert 
Norman. Having constructed needles which he always 
balanced on a pivot before touching them with a magnet, 
he found that after they were magnetized the north 
point declined below the horizon. In 1650 Bond pub- 


* Washington Irvine, Life and Voyage of Columbus, Vol. i., p. 167 (Edit., 1880). 
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lished a treatise on navigation called The Seaman’s 
Calendar, in which he maintained that he had discovered 
the true progress of deviation of the compass; and sub- 
sequently published a table of computed variations for 
many years, which agreed very closely with those ac- 
tually observed as far as about 1690, but afterwards 
varied considerably. In 1672 Dr. Halley commenced 
his investigations on Terrestrial Magnetism, and in 
1683 published his Theory of Magnetism, which, to a 
certain extent, forms the basis of more modern researches 
on this subject. In 1722 Graham discovered the re- 
markable phenomenon of the daily variation of the 
needle. Between the 6th February and 12th of May 
of that year, he made a thousand observations in the 
same place, from which he found that the amount of the 
daily variation was 55’; that is to say, between 14° 45’ 
and 13° 50’ west. In1700 Halley published a sea-chart, 
on which he had traced the lines of variation of the com- 
pass over all parts of the globe—based on an immense 
number of observations which he had collected and 
systematized. These lines were drawn at intervals of 
five degrees of variation, and were the first graphic 
representation of the phenomena of magnetic variation 
over the globe. Owing to the rapid changes in the 
variation, as well as inaccuracies in the original 
methods of observation, the chart afterwards fell out of 
use. Similar charts have since been constructed by 
Humboldt, whose contributions to the science of terres- 
trial magnetism were of great value, by Sir Edward 


Terrestri al Magnetism. 223 


Sabine, Dr. H. Lloyd, and others. The most recent 
chart for the British Isles is that constructed from 
their own observations by Professors Riicker and Thorpe. 
Sabine’s contributions to the subject of terrestrial mag- 
netism are of the highest value, and are on a most ex- 
tensive scale ; but there have been for years past many 
distinguished workers in this field of natural science all 
over the globe, including amongst their numbers the 
names of Lenz and Biot.* 


B.—THREE CLASSES OF PHENOMENA OR MAGNETIC 


ELEMENTS. 


We now proceed to consider more in detail the three 
groups or elements into which all the complex phenomena 
of terrestrial magnetism may be resolved. These are:— 


(1,) The Variation, or Declination, of the Magnetic 
Needle. 


(2.) The Inclination, or Dip, of the Needle. 


(3.) The Intensity of Terrestrial Magnetism. 


* Sabine’s most important papers are to be found in The Philosophical Transac- 
tions for the years 1840 to 1849, and Brit. Assoc. Report, 1837, with charts showing 
the distribution of magnetic intensities over the earth’s surface, 
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All the above classes of phenomena are capable of being 
represented by lines traced on a map or globe; but, as 
Sir E. Sabine has observed, in considering their com- 
parative fitness for promoting a knowledge of terrestrial 
magnetism, the Lines of Equal Intensity have in one 
leading respect an advantage over the other two.* 
Viewed under the most favourable circumstances, the 
magnetism of the earth is a highly complicated subject, 
and needs not the additional complication of having its 
phenomena mixed up with considerations foreign to 
itself. Now, the Lines of Equal Dip and Equal Varia- 
tion do not express simple magnetic relations. The 
lines of Equal Dip, for example, connect those stations 
on the earth’s surface where the direction of the mag- 
netic attraction forms a certain angle with the horizontal 
plane at the station. But every station has its own 
horizontal plane depending on the direction of gravity 
(See ante, p. 85), which has no necessary connection 
with magnetism. As the zero planes thus differ, the 
equality of Dip does not express, or necessarily imply, a 
simple magnetic relation, but has reference to the attrac- 
tion of gravitation, as well asto that of magnetism. 
The Lines of Equal Variation express a complex rela- 
tion of a similar kind; here, also, the zero planes 
change with the station. It is otherwise, however, with 
the Lines of Equal Intensity. Whatever may be the 
sources of magnetic attraction, and wherever their situa- 


* Sabine, Brit. Assoc. Report, 1837, p. 63. 
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tion in space—whether on the earth’s surface, or above 
or beneath it—the Lines of Equal Intensity express the 
equality of their resultant at all those points of the 
earth’s surface through which they are drawn, unmixed 
with any considerations foreign to magnetism. They are 
pure magnetical isodynamic lines at the surface of the 
globe; and the instruction they convey is, therefore, 
more simple, direct and unequivocal than in the case of 
the other two. Ina word, the Lines of Equal Intensity 
are better suited to convey to the mind a view of the 
distribution of magnetic forces over the globe than any 
others which can be drawn. 


C.—VARIATION OR DECLINATION OF THE MAGNETIC 
NEEDLE. 


The declination of the magnetic needle is the angular 
distance between.the magnetic meridian and the 
geographical meridian of the place. The magnetic 
meridian is a vertical plane passing along the axis of 
the magnetic needle when freely suspended on a central 
pivot, and not influenced by surrounding objects. ‘This 
meridian is coincident with the direction of the earth’s 
magnetic force at that place. If we trace on a map a 
series of lines connecting the spots having the same 
declination, called ‘‘Isogonic Lines,’ we then have a 
Declination chart showing at each spot over the globe the 
direction and amount of the variation of the magnetic 
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needle. A chart showing these lines over the region of 
the British Isles is here given (See Plate XIII.). Of the 
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lines on this chart, there are two 
of special importance ; these are 
the Lines of No Declination, along 
which the magnetic meridian 
coincides with the geographical. 
Of these, the western at the 
present day traverses the Con- 
tinent of America and the At- 
lantic Ocean in a_ direction 
from north-west to south-east. 
Commencing in the Polar Sea, 
in about 100° West Longtitude, its 
course has been traced through 
Hudson’s Bay and Lake Ontario 
untilit leaves the North American 
Continent near Cape Hatteras 
about 75° West Longitude. It 
then traverses a part of the At- 
lantic Ocean to the east of the 
West Indian Islands until it 


meets the Continent of South America, near the mouth 
of the Amazon, in about 50° West Longitude. Proceeding 
thence in a south-easterly direction, it cuts the shores of 
the Continent again near to Rio Janeiro, and enters the 
South Atlantic, where it pursues the same direction as 


before. 


PLATE AHL. 


ay CHART 
ny} OF THE 
BRITISH ISLES. 
WITH LINES OF 


EQUAL 
VA. MAGNETIC VARIATION 
OR 
IsoGonic LINES 
°/nverneks it 


FOR THE YEAR 
1888. 


A sgn, 


ee 
[av 


arlisle 


Hartlepool ¢ 


te 


Terrestrial Magnetism. 2247. 


The eastern line of No Declination follows, at present, 
a somewhat similar direction. It traverses European 
Russia from the White Sea to the Caspian, and enters 
the Indian Ocean in about 65° E. long. It then pursues 
the same general direction in the Indian Ocean, as far 
as about 8° S. lat., where it takes a sudden bend to the 
east, and follows the parallel of 10° S. lat. from go° to 
12° E. long. Atthis point it again bends southwards, 
and intersecting the coast of Australia in about 125° E. 
long., crosses that continental island in a southerly 
direction, and enters the southern ocean at about 130° E. 
long. In the space between these two lines, that is, to 
the east of the former and west of the latter, the de- 
clination is Westerly. This space includes the eastern 
parts of America, the Atlantic Ocean, nearly the whole 
of Europe, and the whole of Africa. In the remaining 
division of the globe, which includes the Pacific Ocean 
and the greater part of Asia and of America, the de- 
clination is Easterly. There occurs, however, in the 
eastern part of Asia and the adjoining ‘sea, a Closed 
Curve of No Declination, within which the declination is 
again westerly. This remarkable loop, enclosing part 
of Siberia and of the Chinese Empire, ha's the form of 
an oval, whose greater axis lies nearly in, the meredian 
of 130° E. long. The diameter of the oval extends from 
about 20° to 70° N. lat.* 


* Lloyd, Treatise on Magnetism, p. 104; also Ferguson’s} Electricity, Prof 
Blyth’s Edit. (1882). 
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D.—MaGnetic PoLes. 


From the form of the Lines of Equal Declination 
Halley inferred that the earth has four Magnetic Poles, 
two in each hemisphere—a stronger and a weaker. The 
position of these poles, as deduced by Professor Han- 
steen, are as follows :— 


é Lat. Long. 
Stronger (or American) North Pole 70° 5’N. 99° 6 VW. 
Weaker (or Siberian) North Pole 85° 21'N. 118°39 E. 
stronger, «.....:.... south Pole 69° 26:'S.c1g5° agi: 
Weakete ...:4¥../o25 SOUL O16 47" 17 9.2020. 5 yee 


E.—DuPERREY’s LINES. 


The most natural, as well as the most instructive, 
mode of grouping graphically the observed results, 
seems to be that adopted by Captain Duperrey in charts. 
published in 1836. The curves of Duperrey indicate, 
not the deviation of the needle from the true north at 
each place, ‘,ut its actual direction. The ‘‘ magnetic 
meridians ” of Duperrey are curves traced on the globe, to 
which the du‘ection of the freely-suspended horizontal 
needle is everywhere a tangent. At each point, there- 
fore, the direction of the curve is that of the magnetic 
meridian of the place. These meridians converge to- 
wards two p@ints—one in the northern, the other in the 
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southern hemisphere. They do not, however, all meet 
at the same point; but the successive intersections of 
each pair of contiguous meridians form a closed curve, 
the central points of which may be denominated “ mag- 
netic poles.’”’ The north magnetic pole so defined is 
nearly in 70° N. lat., and 98° W. long. The south 
magnetic pole occurs to the south of Australia in lat. 
75°S., and 138° E. long. nearly.* 


F.— VARIATIONS IN TIME OF THE MAGNETIC NEEDLE. 


These may be arranged under three heads, viz. :— 
(1.) Secular ; 
(2.) Annual; and 


(3.) Diurnal Variations. 


(1.) Secular Variation. 


The Secular Variation, or Declination, varies from place 
- to place, and from time to time, but very slowly. In 
Great Britain, observations tend to show that the needle 
has been pointing more and more towards the west 
during a lengthened period, but since 1815 has begun to 
return eastwards. This implies either that there was 
an increase of power of the American, as compared with 


* Lloyd, loc. cit., p. 105. 
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the Siberian, Focus, or a motion of the Siberian Focus 
westwards down to the period above stated. The De- 
clination at Greenwich is now a little over 18°, and at 
Edinburgh 22°. In 1815 the westerly variation was at 
its maximum in London, being 24° 27’; in 1865, it had 
fallen to 21° 6’; and in 1887 it was as above. 


(2.) Annual Variation. 


Annual Variation or Declination was first discovered 
by Cassini in 1780. In Paris and London it is greatest 
about the vernal equinox, diminishing from that time 
to the summer solstice, and increasing again during the 
nine following months; it does not exceed 15’ to 18’. 


(3.) Diurnal Variation. 


Diurnal Variations were first discovered by Graham, 
in 1722. They can only be observed by means of long 
needles or delicate indicators, such as the reflection of a 
ray of light. In this country, the North Pole moves 
every day from east to west from sunrise until one or 
two o’clock, it then tends towards the east, and at about 
ten o'clock regains its original position. During the 
night the needle is almost stationary. Thus the westerly 
declination is greatest during the warmest part of the day. 


A still more striking connection between the sun and 
the fluctuations of terrestrial magnetism was discovered 
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in 1852 by Sir E. Sabine, who had noticed that every 
eleven years the amount of the diurnal variations was 
larger than at other times. For forty years, a German 
astronomer, Schwabe, had been observing the variations 
of sun spots on the surface of the sun, and had found 
their frequency subject to an average period of about 
eleven years. Sabine noticed that the two eleven yearly 
periods were coincident; that is to say, the years of 
many sun spots were also the years of large daily varia- 
tion of the magnetic needle, and vice versd. This im- 
portant observation has been fully confirmed by subse- 
quent investigations, and Balfour Stewart has traced a 
similar periodicity in the recurrence of aurore and of 
other meteorological phenomena. But, in addition to 
these regular variations of the magnetic needle, there are 
also irregular variations or perturbations. A sudden 
magnetic storm, as it is called, will break out and affect 
the compass needle over a considerable area of the earth’s 
surface. These magnetic storms are accompanied by 
electrical disturbances in the earth, and frequently 
powerful earth currents and auroral displays will simul- 
taneously occur with the magnetic storm; but which is 
the cause and which the effect, is not yet known; or 
whether, as it is more likely, both are due to a common 
cause outside the earth. The photographic records of 
the magnetic variations, called ‘‘ Magnetographs,”’ which 
are now being made at different places over the earth, will 
eventually, it is hoped, throw much light on the difficult 
subject of the meteorology of the earth and air. 
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The angle which the axis of a magnetic needle makes 
with the horizon is called the Dip or Inclination. The 
Inclination, like the Declination, varies from time to 
time, and has been decreasing in London for overa 
century, as shown by the following table *:— 


\ 2 Ge EE 


Year Declination. Inclination. Ba eta 
si ae | 74° 42! — 
1780 an eee Estates Ze 
1300 Be wa 9 x 
38 = | 69° 38’ BA 
50 yt Bee ae ae 
85 IS ee alee Maas 3°829 
75 Ig” 41 67° 47’ 3°885 
77 Tg 2 ithe Oi SC ps ta 
78 19° 14’ 67° 44’ 3°895 
79 RSLS" SUES? OG 942 8 See ce 
eae eek 67° 42’ | 3-899 
es EN BIER IO Ai onasy/ Ze 3°903 
Re 18° 45/ 67° 41’ | 3-904 
S3 ae as 67° 41’ | 3909 
a ek 67° 39. - 40.3916 
halle A a 67° 38’ | 3°917 
gb io 67° 27' | 3-918 


* Fergusson, loc. cit., p. 53. 
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H.—Cuart oF Isocrinau LInNEs. 

Lines traced on a map of the earth connecting points 
of equal inclination exhibit graphically the arrangements 
which they take, and it will be found that they resemble 
closely the magnetic parallels above referred to. Within 
the tropics they are slightly inclined to the equator. The 
flexures increase with the latitude, and in the higher 
latitudes they tend to form closed curves encompassing 
the points at which the inclination is go°, or those 
wherein the needle assumes the vertical position; to 
these points the name “‘ Magnetic Pole,” or “ Pole of Ver- 
ticity,’ is ordinarily given:* These do not exactly co- 
incide with the foci of maximum intensity. 


From observations of the dip, we find that it has been 
gradually decreasing for the last century and a half. 
The annual rate of decrease is at present about 2°6’. 
From the time observations have been taken of the de- 
clination and dip until now, we are far from having com- 
pleted a cycle of change of either, and it is a matter of 
speculation how long it may take to complete such a 
cycle. 


* Lloyd, loc. cit., p. 106. The first isoclinic chart was constructed by Wilcke, in 
1768; a second and improved one, was published by Hansteen, in 1819, and the 
most recent map is that of General Sabine, published in Johnston’s Physical Atlas, 
and Edit, 


Q 
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I.—MAGNETIC INTENSITY.“ 


The Intensity or force of the earth’s magnetism at. 
various points is determined by observations on the time 
of vibration of the magnetic needle. An immense 
number of observations have been made all over the 
globe, which have been tabulated by General Sabine, 
and arranged according to geographical position. We 
have already seen the importance which Sabine attaches 
to the element of Intensity as a guide to our knowledge 
of terrestrial magnetism. The first observations, by 
which changes in the intensity of the earth’s magnetic 
force, depending on change of place, were established, 
were those of Lamanon, made during the expedition 
of La Perouse in 1785-87. These were followed by the 
observations of De Rossel; but Humboldt was the first 
to establish, during his travels in the equatorial regions 
of America in 1798—1804, that the increase of magnetic 
force coincides with the increase of latitude. Since then 
observations for determining the magnetic force have 
been made at various parts of the world by travellers and 
navigators, including Hansteen and Due along the 
coasts of Africa and America; those of Lutke in a 
voyage of circum-navigation, 1826-29; those of Hansteen, 


* For an historical account of observations on magnetic intensity, the reader is 
referred to General Sabine’s Report, Brit. Assoc., 1837. 
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Due, and Erman in the North of Europe and Asia, in 
1827-29; those of Fitzroy on the Shores of South 
America and the Southern Hemisphere; and those of 
Freycenet and Duperrey in the voyages of circum-navi- 
gation of the Uranie and Coquille. 


But, probably, the greatest gains to magnetic science 
were those made by Sir James Clark Ross, in the Erebus 
and Terror, during 1840-43, in the Antarctic Regions, 
followed by those of Captains Moore and Clark in the 
Same part of the globe; by the magnetic surveys of 
General Lefroy in the British Possessions of North 
America, and by those of Captain Elliot in the Indian 
Archipelago in 1846-50. : 


J.—CuHart or Isopynamic LINEs. 

‘ . . 

The most perfect chart showing the Lines of Equal In- 
tensity which we possess is that originally constructed 
by General Sabine ; and, in examining this chart, we find 
that the magnetic force increases, generally, as we re- 
cede from the Equatorial, towards the Polar, Regions; 
attaining a maximum value at two points, or foci, in 
each hemisphere, of unequal intensity. 


In the Northern Hemisphere the position of the 
stronger focus has been very closely determined by 
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General Lefroy; it is situated in British America in 
N: Jat. 52° 19’, -and:.92°. W «long... The splacevenigs 
weaker, or Siberian, focus is situated in 59° 44’ N. lat., 
and 118° E. long., as deduced from the observations of 
Erman. 


The foci of the Southern Hemisphere are much nearer 
to one another. Their positions, as deduced from the 
observations of Sir James Ross, are, the stronger in Jat. 
64° S., and 138° E. long. ; and the weaker in nearly the 
same latitude. and 125° W. long.* 


K.—SABINE’S DEDUCTIONS. 


The following are the leading deductions regarding 
Magnetic Intensity, as laid down by Sabine :— 


(1.) The Lines of Equal Intensity are not parallel 
with the Lines of Equal Dip, and the difference is 
systematic. 


(2.) The Lines of Intensity in the northern hemi- 
sphere indicate the existence of two centres of attraction 
of unequal force. One of these, and the less powerful, 
is situated in Siberia; the other, and more powerful, in 
the region of Hudson’s Bay. 


* Lloyd. loc..ctt.. p. 111. 
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(3.) The two Foci of Magnetic Attraction in the 
northern hemisphere are not at opposite points in 
reference to the terrestrial pole; their difference in geo- 
graphical longitude being about 200° measured across 
Greenland and Norway, and 160° across Behring’s Straits. 


(4.) The Magnetic Intensity is unsymmetrically dis- 
tributed in the meridians of the northern hemisphere ; 
this is a consequence of the two centres not being 
exactly opposite to (that is at a distance of 180 degrees 
from) each other. If we imagine the hemisphere to be 
divided into two equal sections bya plane coinciding 
with the meridians 100° and 280° W. long., the western 
section will contain both centres of attraction, and a 
higher measure of Intensity is spread over its meridians 
than in the corresponding latitudes in the eastern 
section. 


(5.) The Lines of Intensity in the southern hemi- 
sphere havea general analogy with those of the northern. 
Thus the highest Intensity in the district of Hudson’s 
Bay or New York is matched by the nearly equal value 
of the Intensity at Hobart Town, being 1°80 in the 
former, and 1°82 in the latter, while the geographical 
latitudes of the two places are nearly identical. It is 
almost certain that there are two Foci of Unequal 
Intensity in the southern, as in the northern, hemi- 
sphere. 
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L.—LINE oF WEAKEST MAGNETIC FORCE. 


The Line of Weakest Magnetic Force on the globe 
has been traced with great care by Sabine.* It is an 
irregular line, running round the globe between those 
lines indicating units of Intensity. These latter are the 
weakest isodynamic lines which run unbroken round the 
globe, and they lie, except in the Pacific and Atlantic 
areas, in close proximity to the terrestrial equator. In 
the meridians of 110° and 260° they approach each other 
closely, but in those of an intermediate position they 
recede, and enclose spaces of still weaker intensity. In 
the middle of the largest of these, being a position most 
re1iote from all the four centres (or poles) of attraction, 
we have a space of weakest intensity anywhere to be 
found on the globe: its approximate position, as deter- 
mined by Admiral FitzRoy, is a little south of the Island 
of St. Helena, where the Intensity was found to be 0°84. 
Erman has since found a spot, south and west of this 
island, where the Intensity registered 0°8, the position of 
Minimum Intensity. The Line of Weakest Magnetic 
Force, called The Magnetic Equator, consequently passes 
a little south of St. Helena—thence it ranges westward 
across the South Atlantic, striking the Continent of 
South America in lat. 20° S., and taking a course slightly 
north of west, leaves it at about lat. 10° on the coast of 


* Rep. Brit. Assoc., 1837, p. 75. 
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Peru. At 100° W. long. it crosses the terrestrial equator, 
and, keeping the same direction as far as 165° E. long. 
where it recedes to its most northerly position, takes a 
due westerly course by the extreme north end of the 
Islands of Borneo and Sumatra in lat 6° N., and pro- 
ceeding westwards, strikes the African Coast near the 
equator, and crosses this continent in a S.W.direction till 
it re-enters the ocean in lat. 17° S; thus completing the 
circuit ofthe globe. It is to be recollected that the Mag- 
netic Equator indicates the position at every point where 
the attraction of the North and South Magnetic Poles of 
the earth exactly balance each other, and at which there ~ 
is in consequence no dip of the needle. The Magnetic 
Equator coincides with that of ‘‘ No Dip” throughout three- 
fourths of the circumference of the globe; in the re- 
maining fourth (across the South Atlantic Ocean and 
part of Africa) the two lines diverge considerably, owing 
to some cause still unknown. 


M.—TuHeE_ MarINERS’ CoMPASs. 


Navigation in ancient times was carried out under 
difficulties and disadvantages unknown to us. Ships 
either coasted along within sight of land, or were guided 
to their destination by the position of the sun by day, or of 
the pole star by night; and they seldom ventured out 
of sight of land for any length of time. In the A‘neid 
of Virgil, and the voyage of St. Paul in the Acts of the 
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Apostles,* we have vivid representations of the character 
of navigation before the invention of the mariners’ com- 
pass. This most useful of modern inventions has 
enabled the sailors of modern times to launch forth into 
the trackless deep, and cross the widest oceans more or 
less directly for the port of destination ; and we may go 
so far as to say that without its aid navigation, as it is 
carried on now from port to port across the ocean, would 
be next to impossible. We have already seen that the 
use of the mariners’ compass was known in the thirteenth 
century of our era, and that Columbus, in crossing the 
Atlantic in 1492, made use of it for directing his course, 
though ignorant of its variation in consequence of a 


change of position. 


The mariners’ compass scarcely needs description, as 
a most everyone is familiar with its appearance. It con- 
sists of a needle permanently attached to a card divided 
into 32 “ points,” or rhumbs, so that the needle and card, 
move together. The needle turns on a pivot, and is 
contained in a glass box suspended in gimbals, in order 
that it may preserve the horizontal position. In the best 
ships’ compasses several magnetized needles are placed 
side by side, as itis found that the indications of such 
compound needles are more reliable.t 


* Chapter xxvii. 


+ The most beautiful and perfect compasses hithertc made are those of Sir 
William Thomson, whose light compass dials have surmounted the serious 
errors which were inseparable from the ordinary heavy forms. 
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N.—THEORIES OF TERRESTRIAL MAGNETISM. 


The earliest theory is that of Gilbert, in which it is 
supposed that a magnet in the middle of the earth ex- 
tends from one magnetic pole to the other. Halley 
endeavoured to supplement Gilbert’s theory by supposing 
two magnets of unequal strength crossing each other 
at the earth’s centre to be the cause of terrestrial mag- 
netism. The theory of the two magnets and four poles 
was ably defended by Hansteen.* According to the 
hypothesis of Biot, the direction and intensity of the 
force exerted by the globe, at any point of its surface, 
will be the same as that emanating from a single 
magnet, whose axis passes through the centre of the 
earth in a direction perpendicular to the magnetic 
equator. Lloyd raises an objection to Biot’s hypothesis, 
chiefly on the ground that the line of Least Intensity 
does not coincide with that of No Inclination, which 
ought to be the case if Biot’s hypothesis, and, we may 
add, that of Gilbert, was true. But it will be found asa 
matter of fact that these two lines very closely coincide 
throughout a distance of about three-fourths of the 
globe’s circumference, or 265°, between the East 
Coast of Africa and the centre of South America. It is 
in the Southern Atlantic alone that a marked deviation 
between the two occurs; and it is remarkable that it is 


* Ferguson, Electricity, p. 57. 
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over this region that there is a marked decrease in in- 
tensity as indicated by the Isodynamic Lines. In this 
region there is evidently, therefore, a local disturbing 
force, of the cause of which we are ignorant; but the 
objection to the view that the earth is a magnet seems 
not to be sustained. In addition to the above hypotheses, 
which have a basis of agreement, may be stated that of 
Barlow, who considered that the earth acts on the needle 
as if currents of electricity traverse its surface from east 
to west. This view is essentially different from those 
preceding. 


Partaoby . 


Pet Rib GIONS Or = + PLANS “AND 
ANIMAL LIFE ON THE GLOBE. 


CHAPTER I. 


INFLUENCE OF CLIMATE. 


A.—CoONNECTION BETWEEN THE ORGANIC AND INORGANIC 


KINGDOMS. 


HEN we consider the influence which organized 
: . beings, especially those inhabiting the ocean, 
have exerted on external inanimate nature; how strata 
forming the interior of continents or rising into high 
mountain ranges were originally elaborated by living 
forms ; or, again, how important a part has been played 
by plants, not only in decorating the surface of this fair 
earth, but in influencing the character of the climate, we 
cannot but admit that it is difficult, if not impossible, to 
draw a rigorous line of demarcation between the inor- 
ganic and organic kingdoms. Therefore, in a treatise 
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like the present it seems desirable, even at the risk 
of excessive brevity, to devote a few pages to the 
consideration of the main facts regarding the distribution 
of plant and animal life over our globe. 


B.—CLIMATE THE MOST PoTENT AGENT IN _ THIS 
DISTRIBUTION. 


It will be recognized at once that climate is the most 
potent agent in determining this distribution. For, 
although the actual inhabitants of most parts of the 
world are the direct descendants or representatives of 
those which come down from the Tertiary periods of 
geological history, still, as the climates have been con- 
siderably modified during this long interval, especially 
over the Northern Hemisphere, only such forms as were 
capable of adapting themselves to the varying climatic 
conditions have survived to the present day. Vast 
migrations of animals have taken place in the latest 
Tertiary times. As Dr. Wallace has shown, the present 
inhabitants of the African Continent are the descendants 
of those which in the Pliocene period inhabited the 
Europasian Continent, but who, on the approach of the 
Glacial Epoch, were driven southwards by the advancing 
cold; and having invaded Africa, dispossessed the smaller 
aboriginal inhabitants which are now represented by 
those of Madagascar and neighbouring islands. 
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C.—VARIATION IN CLIMATE, OWING TO CHANGES IN 
LEVEL oF LAND. 


Climate not only varies with the latitude and with the 
distribution of land and sea, but with the altitude of the 
land above the sea; so that, even within the tropics and 
under the equator, we meet with successively colder 
climates as we ascend the mountains from the burning 
pluins, corresponding to zones of latitude on proceeding 
towards the Polar Regions from the Equatorial. In con- 
sequence of this beautiful law, first, if I mistake not, 
pointed out by Humboldt, plants and animals representa- 
tive of those of different latitudes are to be found at suc- 
cessive levels as we ascend, for instance, from the . 
plains of Northern Jndia to the heights of the Himalayas, 
or from the plains of Central Africa to the summit of 
Kilimandjaro ; or, again, from the valley of the Amazon 
to the crest of the Andes. Thus it may be mentioned 
that Darwin noticed near the summit of the Cordillera, 
on the eastern side, almost under the Equator, numbers 
of plants and animals absolutely the same as, or closely 
allied to, those of Patagonia.* 


* Naturalist’s Voyage, p. 327. 


CHAPTER Ii. 


BOTANICAL “GEOGRAPEHY.= 


A.—CLASSIFICATION OF PLANTS ACCORDING TO THEIR 
REQUIREMENTS OF HEAT AND MOISTURE. 


Keeping in view what has already been stated re- 
garding the conditions of plant distribution, we find that 
the vegetation of the world is capable of being divided 
according to the views of A. de Candolle and Mr. Baker, 
F.R.S., into four broad groups, as follows :— 


(1.) Macrotherms ; or, plants existing at low eleva- 
tions within the tropics, and needing kot-house, 
culture in our own climate. 


(2.) Mesotherms ; or, plants of the sub-tropical zone, 
and needing green-house culture in our climate 
to protect them from frost and snow. 


(3.) Miotherms; or, plants of the cool-temperate 
latitudes or zones; and hardy in our climate. 


* For the following pages on this subject I am indebted to Mr. F. W. Burbidge 
F.L.S., author of The Gardens of the Sun (1880). 
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(4.) Microtherms ; or, plants of the cold or Arctic- 
Alpine zone; needing protection from drought, 
full sun heat, and light at the sea-level in our 
climate. 


These groups fairly represent the natural thermal 
capacities of plants; and the next point is to form 
similar groups showing their needs as regards atmos- 
pheric moisture, as follows :-— 


(1.) Xevophilous Plants: These can live in climates 
where the air contains usually but little moisture 


(Examples—Succulent plants and desert scrub, 
Cacti, &c.). 


(2.) Hygrophilous Plants: These can thrive only in 
climates containing a great deal of atmospheric 
moisture. (Timber trees, filmy ferns, palms, 
and tall-growing vegetation in general). 


(3.) Noterophilous Plants: These are intermediate 
in’ constitution, and bridge over the gulf be- 
tween the first two groups. (Many bulbous 
and tuberous-rooted plants, also some pseudo- 
bulbous orchids, &c., which endure alternately 
a wet, very hot and a dry season). 


Although it is possible within certain limits to classify 
plants into sections according to their requirements of 
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heat and of moisture, it must be distinctly borne in mind 
that no such abrupt divisions exist in a state of nature. 
The gorgeous epiphytal orchids of the equatorial regions 
are represented by terrestrial species in the meadows of 
Britain and Europe. The common Viper’s Bugloss of our 
Wicklow Shores (Echium vulgare) is represented by a 
tree 20 feet high in the Canary Islands or in Madeira ; 
and the herbaceous Horehound of our gardens forms a 
shrub 10 or 12 feet high in South America. Other 
plants, often only of annual duration in our gardens, such 
as the Castor Oil and Mignonette, are not only peren- 
nials but usually form good-sized shrubs on the African 
shore. Nature, in the broad sense, abhors abrupt dis- 
tinctions; and we really find a gradual transition from 
the pole to the tropics, both physically and physiologic- 
ally ; in form as well as in size and function. 


t 


B.—EFFECT OF ELEVATION ON PLANT-DISTRIBUTION. 


As has been shown, latitude or temperature influences ~ 
plant-distribution at or near sea-levels as we recede from 
the equator, and we will now note how elevation affects 
plant-distribution in a similar manner. The best way of 
showing the gradual transition which frequently takes 
place from the intertropical to the temperate or Alpine 
types of vegetation is by describing the ascent of a 
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mountain of from 10,000 to 12,000 feet, or even much 
higher, within the tropics. 


It is in a tropical forest that one best feels the force 
of Darwin’s phrase, ‘struggle for existence,” and the 
truth of the statement, as seen in the tropics, has again 
and again been attested by the observations of Kingsley, 
Wallace, Roezl, and other travellers. 


You sail your boat over a warm and glassy sea, and 
enter a river or creek and push your way inland. On 
the sandy shore, their thickened stems often washed by 
the tide, are rows and groups of graceful cocoa-nut 
palms, their cylindrical stems shooting up into the air, 
their deep green apical plumes waving in the breeze, and 
their cooling rustle falling pleasantly on the ear when 
the thermometer is 95° or more in the shade. Every- 
where around you are the effects of heat and sunlight, 
and the deluge of tropical rains. Rose-apples scent the 
warm air; and Mangoes, Mangosteen, Durian, Jack and 
Bread fruit, dainty Mandarin oranges hang in luxuriance 
on the trees around the palm-leaf huts and dwellings. 
In the swamps you see Rice, Tapioca, Caladia, and the 
thick stemmed Sago-palm. On higher and drier ground, 
Nutmeg, Clove, and other spices, Tobacco, Sugar-cane, 
and Hill-rice cover the cultivated patches. Again you 
push through the Mangrove swamp near the shore, and 
enter the lowland forest itself, and are in the shade with 
tree trunks towering all around you, It is like a new 


R 
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world ; the trees rise out of an undergrowth of Ferns, 
Aroids, and small Palms; and there are boles of every 
size, some smooth and branchless for 100 feet, others 
rough barked and clasped by Llianas and parasitic Figs 
of many kinds. Now and then you find the rotten re- 
mains of a giant of the forest that has been strangled by a 
lacoon-like fig tree that originally was a seed dropped in 
a crevice of its bark by a passing bird. There is one 
point worth noting as to the fate of seeds which fall in a 
dense tropical forest. They must either lie dormant in 
the soil below, awaiting the opportunity afforded by a 
tornado or a forest fire, or if they germinate they must 
climb for their lives. ‘‘ Climb or die,’’ is often Nature’s 
fiat to her offspring; and the seeds of figs of many kinds, 
of Rattan palms, and of ahundred kinds of Llianas obey 
her injunction, and clamber up to the leafy roof of what 
has been called Nature’s cathedral. Here and there are 
openings made by a tornado, and a hundred giants lie 
prostrate, their tops covered with Orchids and other 
epiphytes, often of the utmost beauty. Everywhere 
around you the most luxuriant leafage rises from the 
ground, Ginger, Bamboo, Aroid, and Palm, and you feel 
as if all the botanical gardens of Europe had been spread 
out around you in the sunshine. You pass on, still 
ascending from the shore, and you hear the flutter of 
wings overhead; you look upwards, and find that the 
parrots and pigeons, or hornbills, are in a fruit tree, the 
head of which is 100 feet or more above your own. A 
step or two further, and a fallen husk or two, an ominous 
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rustle of the branches, and a suppressed chattering, tells 
of the monkeys at their dinner. On you go, a snake 
here, a gorgeous butterfly or two there, or the flight of a 
strange bird, being all that detracts your attention from 
the rampant vegetation around. Now the ground rises 
more steeply, andas you scramble up the rocky pathway, 
and creep over the thickly interlaced roots of the trees, 
you gradually become aware of more light and air; for 
the trees are less dense and tall than on the lowlands by 
the creek below, and it is also cooler. You look at your 
aneroid, and find you are over 4,000 feet above the sea. 
You push on another 1,000 feet, and the trees are still 
smaller, and there are grassy knolls and openings here 
and there, and’a few weedy Composite give quite a 
homely look to the sides of the path. Between 2,000 to 
5,000 feet you reach the most luxuriant part of the forest, 
every old water-course and ravine being filled with tree 
ferns and mosses of exquisite beauty. No forms of 
tropical vegetation are more striking than the Palm, the 
broad-leaved Banana, the Bamboo wands rising in 
straight and leafy masses 50 or more feet in height, and 
last, but most lovely of all, the black velvety-boled Tree- 
ferns, crowned with their exquisite feather-like fronds. 
At 5,000 feet you may see a group of Horsetails 
(Equisete) in a wet ditch ; at 6,000 feet a kind of Rasp- 
berry (Rubus ros@folius) and other species of less 
moment; at 7,000 feet Cypresses, or Dacrydia, and 
Rhododendra appear, while in a cool spot at your feet 
rise some giant mosses, reminding one of a colony of 
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seedling pines. At 8,o00 feet the trees and shrubs be- 
come scrubby and laden with moss and lichen, or with 
delicate filmy ferns. You are in the cloud zone, and 
cool mists or drizzling rains are frequent. European 
forms of vegetation appear more abundantly. Now there 
is more open ground, sedge or grass covered; and from 
an elevated point you can see through a cloud rift the 
mass of forest stretching far below you right out to the 
coast line, andthe blue sea dotted with islands and coral 
reefs beyond. Around you species of Sow-thistle 
(Sonchus), Gnaphalium or Cud-weeds, Umbellifere, 
Buttercups, Artemisia, Plantago, Hypericum and Chick- 
weed abound, so familiar and home-like in aspect, 
while far below you are the epiphytal orchids, the 
Pitcher plants (Nepenthes), and the heat-loving Palms 
so characteristic of the tropics. 


C.—INFLUENCE OF LATITUDE. 


~ It will be readily observed that elevation and latitude 
must alike be studied in relation to the distribution of 
plants, seeing that on the upper portions of mountains 
in Java, in Central and Northern India, and in Abyssinia 
are found species which belong to the same genera, and 
actually represent other species common to the higher 
mountains of Europe. A familiar example is the - 
‘‘ Bridal Everlasting ” of the Swiss Alps (Leontopodium 
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alpinum), more often known as the ‘“ Edelweiss,”’ which 
is represented by a nearly allied species (L. grandiceps) 
on Mount Cook in New Zealand, and has also been 
found more recently growing high upon the slopes of a 
mountain in the Sikkim Himalayas. On the higher Alps 
and Pyrenees are plants identical with those of Lapland, 
and not to be found in the intervening plains. On the 
tops of the White Mountains in United States again we 
find species identical with those of Labrador ; thus eleva- 
tion in the one case, and latitude in the other, supply the 
climatic conditions essential to their existence. Seeing 
that we find plants belonging to the Mzotherm and 
Microtherm divisions at high elevations throughout warm 
temperate, and even in inter-tropical, regions, the ques- 
tion as to how they came to be there is one which quite 
naturally presents itself; and both Darwin and Wallace 
agree in referring their distribution to a somewhat recent 
glacial epoch. At that period Britain and portions of 
Europe and North America, now enjoying a temperate 
climate, were covered with ice and snow, and had 
a climate like the Arctic Regions to-day. The only 
vegetation was naturally that now known as of the Arctic- 
Alpine or Microthermal type, such as Dryas, Saxifrages, 
low-growing willows, Lichens,and the dwarf Silene. As 
this cold epoch gradually passed away, and the snowy 
glaciers receded up the mountain slopes, the Alpine 
plants receded also, ‘‘clinging then, as now, to the 
margins of perpetual snow.” Thus the same species, 
having died out in the warm plains, are only to be found 
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on the mountain tops of Europe and America, or in the 
North Polar Regions. Mr. Darwin further believed that 
this depression of temperature was sufficient to drive 
temperate forms of plants by elevated routes to cross the 
Equator, and to reach the Antarctic Regions where they 
are now found.* 


* Further information on this subject will be found in Hooker’s Himalayan 
Fournals; Darwin’s Origin of Species, chap. ii.; Wallace’s Malay Archipelago; 
Baker’s Botanical Geography ; and Mr. Burbidge’s Gardens of the Sun (Borneo). 


CHAPTER: Ili 


ZONES OF PLANT-LIFE ON THE 
HIMALAYAS. 


A.—THEIR DESCRIPTION. 


As supplementary to the above graphic review of the 
geographical distribution of plants, I will only add, by 
way of illustration, an outline description of the zones of 
plant-life as developed on the flanks of the giant Hima- 
layas, for which we are indebted to the labours of Sir 
J. D. Hooker.* As this distinguished naturalist has 
‘pointed out, the plants of the Western Himalayas are 
chiefly representative of the European flora; that of the 
Eastern, of the flora which extends into China and 
Japan. The succession about to be described belongs to 
the central region, that of Sikkim, leading up to the 
snow-clad Kinchinjunga itself. The following zones 
may be determined approximately as we ascend from the 
plains of the Ganges :— 


* Himalayan Fournals; and Illustrations of Himalayan Plants (1855). 
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(1.) Zone A (of Macrotherms) between 2,000 and- 
4,000 feet. 


Jungle grasses and scrub, large Bamboos, Bananas, 
the Pandanus, Bauhinia, and species of Fig. The crests 
of the rocky ridges and ravines are adorned with scat- 
tered pines, Pinus longifolia; Orchids, sometimes 
epiphytal, are abundant, of which the beautiful Vanda 
Cathcarti and Dendrobia of several species require 
special mention. 


(2.) Zone B (of Mesotherms) between 4,000 and 6,500 
feet. 


Here we meet, of Palms a species of Calamus, Plecto- 
comia, and Phenix acaulis; also Cycas pectinata and 
the India-rubber fig. In the lower part of this zone 
flourishes the noblest of all oak trees, the Quercus, 
lamellosus, towering to a height ranging from 40 to 60 
feet into the air. 


(3.) Zone C (partly of Mesotherms and Miotherms) 
between 7,000 and 10,000 feet. 


Here the main features consist of Rhododendrons, 
Magnolias, Laurels, Oaks, Maples, Walnutsand Figs. The 
Rhododendron arboreum, which ranges from 8,000 feet 
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and upwards, is a beautiful and conspicuous tree; but 
grander still is the R. argenteum, which raises its 
blossom-crowned head to a height of 40 feet from the 
ground. Of Magnolias we have M. Campbelli, quite a 
forest tree; also Talauma Hodgsoni and Michelia 
Cathcarti, belonging to the same natural order. Along 
with the forest trees is a beauteous undergrowth of 
flowers and: shrubs, such as Hydrangea, bushes of 
Aucuba, Skimnia, and Helwingia, and flowers, as Con- 
vallaria, Paris, and Begonia. Of this last-named plant, 
now such a favourite in our greenhouses, there are about 
12 species confined to the eastern part of the Himalayas, 
and very abundant in the Khasia mountains. The zone 
we have just described must be considered the most im- 
posing and characteristic of the Central Himalayas. 


(4.) Zone D (partly of Miotherms and Microtherms) 
: From 10,000 feet to the Snow-Line. 


Here we notice plants resembling those of Northern 
Europe and parts of the British Isles, as rushes, grasses, 
sedges, Alpine Rhododendrons (representative of the 
R. ferrugineum and R. hirsutum of the Alps), Poten- 
tillas, Honeysuckles, Polygonums, dwarf Junipers, 
Gentians, Sedums, Composites, and Umbellifers. The 
Rhododendron nivale reaches to the Snow-Line at 
17,000 feet abuve the sea, where we almost reach the 
limits of vegetation. 


CHAPTER IV. 


CULTIVATED PLANTS AND CROPS OF 
TROPICAL, SUB-TROPICAL, AND TEMPERATE 
CLIMATES.* 


(1.) Macrotherms. 


(Cultivated at 1,000 to 4,000 feet elevation in tropical 


regions.) 
Yam Brazil-nut Granadilla (fruit of 
Sweet Potato Mango Passiflora spp.), 
Arrowroot Custard-Apple Jujube 
Sago Palm Rose Apple Betel-nut 
Cycads Guava Vanilla 
Rice Banana Indigo 
Maize Bread Fruit Gamboge 
Sorghum Date Logwood 
Panicum Tamarind Henna 
Cocoa-nut Papaw Oil Palm (Elais) 


* This list has been kindly drawn up by Mr. Burbidge. 
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Castor Oil - Cinnamon Sanseviera 
Seasamum Capsicum Rosewood 
Sugar Cotton Teak 
Nutmeg Corchorus Ebony. 
Clove Broussonetia Coffee 


(2.) Mesotherms and Miotherms. 


(Cultivated in sub-tropical regions.) 


Rice Vine Agave 
Maize | Fig Senna 
Wheat Pomegranate Tea 

Millet Olive Opium 
Lentil Cinchona Melon 

Cicer Tobacco Gum Arabic 
Fenugreek Aloe Hemp 


(3.) Microtherms. 


(Cultivated in cool or temperature regions.) 


Wheat Pear Linseed 
Oat Apricot Potato 
Barley Gooseberry Turnip 
Rye Currant Beet 
Pulse Quince Onion 
Plum Medlar Cabbage 


Apple Loquat And other cruciferous crops. 
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In India all three of the above regions are represented 
by elevation, and one may pass from the Mango and 
Sugar, Spice, or Sago producing plains, through the 
cooler Cashmere valley with its Vines and Melons, until 
in the high Thibetian valleys we find barley fields and 
orchards of Apricot trees. 


CHAPTER N. 


DISTRIBUTION OF ANIMAL LIFE. 


A.— INTRODUCTORY. 


The distribution of animal life follows laws similar to 
those of plants; but, owing to the greater sensitiveness 
of plants to atmospheric changes, with less regularity. 
The subject is one of great interest, and of a scope too 
wide to permit of being fully treated here. Some leading 

,features regarding the distribution of the higher forms 
of animals may, however, be placed before the reader.* 
The animals which at present inhabit the land-surface 
of the globe are the descendants of those which lived 
during the Pliocene Period. In some cases they are 
modified in form, but their distribution has been, also, 
profoundly modified in consequence of the physical 


* For fuller information on this subject, the following works may be consulted 
Andrew Murray, Geographical Distribution of Mammals (1866); A. R. Wallace, 
Geographical Distribution of Animals. 2 Vols. (1876); Ernest Haeckel, Naturliche 
Schopfungsgeschichte, or Prof. Lankester’s Translation, The History of Creation 
(1876); Encyclopaedia Britannica, 9th Edit., Art., Distribution. 
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changes which have occurred over.the region of the 
Northern Hemisphere between the Pliocene and the 
present epochs—changes to which reference has already 
been made when dealing with the subject of the distribu- 
tion of plants.* During the Pliocene. epoch, the con- 
tinents of Europe, Asia and North America were in- 
habited by races of animals which are now chiefly found 
in Africa and the Inter-tropical regions of America, while 
some of the species have altogether disappeared. ‘Thus 
the aboriginal Horse, which during the later Pliocene 
epoch roamed over the plains of North and South 
America, was exterminated, the progenitors of the present 
wild horse of the Pampas having been introduced by 
the Spaniards. The Mammoth and Mastodon, which 
frequented both the Europasian and American continents, 
and the noblest of stags, the Megaceros Hibernicus» 
which abounded in the glades and pasture lands of 
Europe and the British Isles, have all disappeared. But 
far greater was the change which took place in the dis-, 
tribution of the Mammalia at the commencement of the 
Quaternary period. The advancing cold of the Glacial 
epoch, gradually augmenting, drove the inhabitants of 
Europe and Asia southwards into Africa, and those 
animals only remained behind which by their constitution 
were suited to withstand the rigour of an arctic, or sub- 
arctic, climate. Keeping this point in view, we have a 


* See ante, pp. 244 and 252. On this subject the reader is referred to what has 
been written in my Sketch of Geological History, p. 130 (1887)—London: C. W. 
Deacon & Co. 
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key to the existing distribution both of animal and plant 
life on the land-surface of the Northern Hemisphere. 


1‘. ZOOLOGICAL; REGIONS: 


For purposes of description, and as, in a large degree, 
actually representing the geographical distribution of 
mammalia and birds, the surface of the globe has been 
separated out into Six Zoological Regions, originally pro- 
posed (in 1857) by Dr. P. L. Sclater, and adopted by Dr. 
Wallace, as, of all the hitherto proposed systems of dis- 
tribution, the most natural and convenient. They are 
as follows :— ’ 


(1.) The Palearctic Region, containing 31 families of 
terrestrial mammals, and including Europe to the Azores 
and Iceland; also, all temperate Asia from the Himalayas 
and west of the ‘Indus, together with Japan and China 
to the watershed of the Yang-tse-Kiang; also a small 
portion of North Africa and Arabia. 


(2.) The Ethiopian Region, with 40 families of terres- 
trial mammals, including all Africa south of the tropic of 
Cancer, as well as Southern Arabia, Madagascar and 
adjacent islands, 


(3.) The Indian (or Oriental) Region, with 31 tamilies 
of mammals, and including India and Ceylon, the Indo- 
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Chinese countries and Southern China, and the Malay 
Archipelago as far as the Philippines, Borneo and Java. 


(4.) The Australian Region, with 14 families of 
mammals, and embracing the southern portion of the 
Malay Archipelago, Australia, New Zealand and the 
tropical islands of the Pacific as far east as the Marquesas. 


(5.) The Neotropical Region, with 26 families of mam- 
mals, and including the whole of South America and 
adjacent islands, the West Indies, and the tropical 
regions of Central America and Mexico. 


(6.) The Nearctic Region, with 23 families of mammals, 
and including all temperate and arctic North America, 
with Greenland. 


t 


C.—BARRIERS WHICH LIMIT THE DISTRIBUTION OF 


ANIMALS. 


The range of animals is determined by several physical 
barriers, some of which are connected with temperature 
and climate; others with the distribution of land and 
water. Of all the barriers to the migration of terrestrial 
animals, the great oceans are the most effective; and 
this is due, not only to their great extent of surface, but 
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to their great geological antiquity ; owing to which, races 
which have been inhabitants of widely disconnected con- 
tinents during Tertiary times, have still remained isolated 
from each other down to the present day. Mountain 
ranges, when of great elevation and unbroken by wide 
and easily passable valleys, i.rm natural barriers to the 
migration of many animals; and this chiefly on account 
of the change of temperature and climate which takes 
place on ascending from their bases towards their 
summits. Large rivers are to a smaller extent found to 
define the range of certain animals; as are also deserts, 
marshes and open plains. But in tropical regions the 
forests constitute the limiting ranges of a large number 
of animals, to whom the shade, perennial foliage, and 
fruits are absolutely indispensable. Such forests are, in 
fact, the homes of the most characteristic tropical faunas, 
and their limits form dividing lines between those which 
are very distinct from each other. The barriers, however, 
hich define the limits of mammals and reptiles are 
often overpassed by birds, such as the Eagle and the 
Vulture, and some whose great powers of flight enable 
them to surpass the highest barriers of the land. Sea- 
birds have also a very wide range, as have also birds of 


passage. 
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D.—PREVALENT ANIMALS OF THE SIX ZOOLOGICAL 
REGIONS. 


(1.) The Palearctic Region. 


The higher prevalent mammalia consist of hollow- 
horned ruminants (Bovide), seven genera; horses and 
asses; the Bactrian camel of Asia; several species of 
deer; the chamois and saiga-antelope; also sheep and 
goats ; cats, wolves, foxes, bears and swine; many 
smaller groups, as weasels, badgers and otters, hares 
and rabbits. Seals abound along the coasts of the 
British Isles and Northern Europe, as also in the Black 
Sea and Caspian. The birds of this region are abundant 
both in variety and number. Eagles, hawks and vul- 
tures; grouse, pheasants; many water-birds, and 
numerous little warblers, such as nightingales, thrushes, 
redbreasts and larks, which are almost the companions of 
man, and lend a charm to the woods and glades bor- 
dering his dwellings. 


(2.) The Ethiopian Region. 


This region, being wholly tropical, is characterised by 
a more varied fauna than that of the preceding region. 
As it includes nearly the whole of the African Continent, 
it is pre-eminently the home of the larger mammals. It 
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abounds in elephants, rhinoceroses, hippopotaml, giraffes, 
zebras, buffaloes and antelopes—some of large size; 
numerous carnivores, of which lions, leopards, hyznas 
and jackalls are the most conspicuous. It contains 
seven peculiar genera of apes, three of lemurs, numerous 
insectivora, rodents and Viverride. Reptiles abound in 
the form of crocodiles, lizards and snakes. Birds of 
great variety and beauty characterise special districts, 
such as the ostrich, the eagle, and the vulture; the 
Flamingo and Egyptian Ibis in the valley of the Nile; 
numerous fly-catchers, shrikes, sun-birds, weaver-birds, 
starlings and larks. 


(3.) The Indian (or Oriental) Region. 


Though of smaller extent than the Ethiopian, this 
region is so greatly diversified by forest-vegetation, 
‘slands and promontories, as to afford conditions very 
favourable to the preservation of animal forms; and 
contains, therefore, a fauna peculiarly rich and varied. 
The larger mammals bear some resemblance to that of 
the Ethiopian region, to which they are closely allied. 
Both possess anthropoid apes, elephants, rhinoceroses, 
large felines, buffaloes, and abundance of civets. But 
the Indian region abounds in deer and bears, and some 
special forms, such as the Malay tapir. The birds of this 
region are singularly abundant, varied and beautiful. 
More than 340 genera of land-birds inhabit this region, 
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.of which number 165 are peculiar to it, Reptiles are 
also very abundant, as are also insects of gorgeous 
colouring. A tropical sun imparts to this region an 
amazing richness of colouring amongst the representa- 
tives of the animal kingdom; and, combined with abun- 
dant moisture, conduces, also, to a luxuriance of foliage 
and beauty of blossom amongst the plants and forest- 
vegetation which adorn the valleys and mountain slopes. 


(4.) The Australian Region. 


This region presents to our view a fauna by far the | 
most specialized and impoverished of any on the surface 
of our Globe. The cause of this is due to terrestrial 
isolation. ‘The mammalia consist only of marsupials, a 
group representative of geological Mesozoic times, to- 
gether with a few bats, rodents, and mice; animals 
which may have accidentally gained an entrance to the 
islands. 


Birds, as might be expected, are not so specialized as 
the mammals, as a large number of almost cosmopolitan 
families extend into parts of Australia; yet there are no 
less than sixteen families characteristic of this region, 
amongst which are the Apterix and the Emu, the 
former an inhabitant of New Zealand. The lories, the 
mound-builders, the cockatoos, the lyre-birds, the honey- 
suckers, and birds of Paradise are also special and 
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representative forms. A number of struthious birds (as 
the Dinornis) forming two families, and sometimes 
attaining a gigantic size, have only recently become 
extinct in New Zealand. Many of the genera of reptiles, 
amphibia and fresh-water fishes are peculiar to the 
Australian region; the border land of the Celebes 
islands, however, contains some forms common to the 
adjoining Oriental region. 


(5.) The Neotropical Region. 


This region is one of the richest on the globe; yet, in 
common with the Australian region, it contains some 
low types of mammalia and birds, which seem to have 
come down from geological times. Monkeys are 
abundant, many of them with prehensile tails; bats are 
also numerous, including the vampire bat; the carnivora 

*are not numerous; and the place of the ungulates is 

taken by a few species of tapirs, peccaries, llamas and 
deer. Small rodents are abundant, and the edentata 
form the most specialized group of the region, and 
include the sloths, the armadillos, and the ant-eaters; 
lastly, we find the marsupial opossums, which are most 
abundant in the tropical regions of South America. 


The birds of this region are wonderfully rich, and no 
less than 24 entire families are peculiar to it, including 
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the condor, the largest of the vulture tribe. The reptiles 
include snakes, lizards, and tailless batrachians. 


(6.) The Nearctic Region. 


The fauna of this region presents a general resemblance 
to that of the Palearctic region; yet there are con- 
siderable differences. The mammalia are represented by 
bears, elks, bisons, sheep, lynxes, wolves, martens, 
flying-squirrels, and marmots. The prong-buck and 
mountain goat are peculiar to the region. The beaver 
is an inhabitant of the northern rivers, and the Ovibos, 
or musk-sheep, is confined to the Arctic regions. In the 
squirrel family, the prairie-dogs are peculiar; and the 
Tamias, or ground squirrel, is very characteristic, though 
also found in Asia. The coasts and islands of the Arctic 
seas are inhabited by white bears, walruses and seals. 


Of birds about forty or fifty genera are peculiar and* 
characteristic, amongst which we notice such well-known 
forms as thrushes, wrens, crows, woodpeckers and 
grouse. Amongst the larger birds turkeys, the ruffed 
grouse, and crested partridges are peculiar. 


The reptiles are more numerous than in the Palzarctic 
region. There are about a dozen snakes, including the 
well-known rattle-snake (Crotalus). Fresh-water fishes 
are numerous and peculiar. 
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E.—Man’s PLace In NATURE. 


The great exception to the distribution of animals, 
as determined by climate, is man himself, who extends 
his range from the Equator to and beyond the Arctic 
Circle, and from the tropical coasts and valleys to 
the limits of perpetual snow. Hence it is clear that 
the intellectual mind of man, as distinguished from 
the instinct of the brute creation, has rendered him 
independent to a great degree of climatic influences. 
By suitable clothing and by other appliances he is 
able to cope with the rigours of a climate like that of 
Lapland or the Coast of Greenland. Man’s place in 
nature is diverse from thatof other animals. To him 
the whole world lies open, and the riches of creation 
have been placed at his command by the Great Creator 
Himself. ‘The earth hath He given to the children of 
men,’ are the authoritative words accompanying the 
gift—a gift indeed often abused or neglected, but one 
which, when rightly used, is capable of indefinite multi- 
plication, and of producing most precious fruit. Man 
has himself vastly altered the face of the globe; in some 
cases in the direction of degrading or destroying, in 
others of improving and embellishing. By cutting 
down or burning forests, he has converted extensive 
tracts of fertile soil into desert wastes ; nor has he been 
more sparing of the works of his own hands. The 
ruined cities of the ancient historic world attest the de- 
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structive powers and propensities of man as exercised 
towards his fellow-man. 


In the preceding pages we have endeavoured to follow 
some of the operations of natural forces in their varied 
workings, and we cannot have failed to notice from time 
to time the admirable arrangements and adjustments of 
the parts of that wonderfully complex mechanism we call 
‘‘ Nature,” held together by the master force of gravita- 
tion, and consisting of innumerable parts all working in > 
connection with each other; all necessary for the perfect 
working of the whole; all adapted to the purposes they 
fulfil. Applying to the cosmic system the processes of 
reasoning which, as intelligent creatures, we apply to 
all the events of our every day life, we cannot but recog- 
nize behind the structure of the universe the hand of 
Him ** Who hath created all things, and for Whose plea- 
sure they are and were created.” 
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“Maps 6 ot the Wer Great Empires 
ay  &e., &e. si. a7 


_ ACCOMPANIED. BY AD 


Ae "DRAWN BY Hi 
o ce PROFESSOR EDWARD HULL, MA, LLD., ERS. 


HIS dire depicts | in teenie and. artistic ae “and ‘at one view, the 
‘ origin, rise and progress of all Nations, from the Creation - to” the 
“present day. The principle upon which it is constructed is am 
attempt to utilise the service of the eye in the study of History, whose 
‘essential unity is in this way stamped on the mind. By means of its 
‘synchronological arrangement and bya series of ingenious devices a: con- 
‘tinuous pictorial record is presented of all the leading events oft the 
'World’s History, in the precise order of time, in the precise degree” of 
“importance, and in the precise relationship to one another, wherein they 
actually took place. Although the Chart is full and comprehensive, its 
. plan is so simple, that decade by decade and century by century, eden 
+. event with the whole of its contemporaneous surroundings can be cleariy 

a) seen, and the Procession of the Ages traced. The mass of information 
"given is skilfully grouped and adjusted, and its component parts withal 
-*yso clearly distinguished by brilliant colour illumination, that the imaging: 

"tion, thus aided, can have little difficulty in transforming the dead records 
ae of the ‘Past into striking and living realities. : 


a PUBLISHED IN TWO DISTINCT STYLES :-— 


_ “PORTFOLIO. *—Mounted on Linen. Elegantly and Artistically Bounds 
‘*ROLLER CHART.”—Mounted on Canvas, with Mahogany Rollers, 
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Bach with a full and comprehensive Key oy Plan in seven languages. 


SEE TESTIMONIALS ON OPPOSITE PAGE. 


bene Pieris ie sae Frinrsurme, November 23rd, ‘1987, | ae 
The ne Ronis: WM. “EWART GLADSTCNE says:— — Aor ear 
ter ser Pore Chart has. the sinearanice of being a work of mach 
ni rest.” aaah 
‘ xy a RG Yous, December 12th, 1887. 
Th ARCHBISHOP. of YORK (rt Sy and Most Rev. WM. ‘THOMSON, P.c,, 
Ee D.D., F.R.S., &c.) says:-- . 
“Your Historical Chart is te elaborate and Gomme oliensive, and the main 
mrpose in view seems to me to have been successfully carried through. By. 
ppealrg to the eye, it secures the important aid of visual impressions, which are. 
ming and easy to retain. As to the matter of exactness, it appears to possess that. == 
quality. Tt should rank high amongst those luxuries of education which smooth — 
he path of our grandchildren, but which were denied to us. ‘The work must have 
epared with very ae pee, pad attry ‘ett I wish it every esata i Ke a 


as ai i a hens s. Warns, Deceniber Beh. 1887. 

h R Hon. Lord. “ABERDARE, G.C.B., P.C., F.R.S., &c, ir President: of the. fee 
ae Royal Historical Society, Says :— 

‘Your handsome Synchronological Chart is a great work, apparently executed 

With skill and cate. It is well calculated to relieve tke Historical ees from dehaace 

Adaborious siseeiagaes for yaa hn BRA TIER are not sabe He hand. eds 


cure a seaerag, fey Minenber ‘fon, 1887, 
“hy eanoe or OXFORD ua ‘fev. WM. STUB BBS, D.D., LL.D., &c.) says s—- 
yet iam glad to welcome your beautiful and valuable Synchronological Chart of 
jstory as a most useful instrument of education, and at the same time an~ 
eon of the ie ond se = ahi i dota veay ve is eaeneate i wy it evra sort 


3 eee Pisa w, November 22nd, 188 
: Rt. Hon, Lord RANDOLPH CHURCHILL says :— 

>» “The compilation of your Synchronological Chart must have involved an 
Honnous amount of labour and research, and I have no doubt that it val LPEoae of es 
yam ere, to Pics who make ain their wus sa Me 


¢ &s j s A 
; oer n one ‘19th, 1888. 
a. SEELEY, ee ™. A, Ay Professor. of Moder History, Cambridge University, 
q) ‘ - saysi—- Ea) 
ae My. pinion: respecting your Chart ean only be that it is. splendid and: on Rei 
qe plerful. { eannot be wrong in saying that a marvellous amount of historical — eh 
Gnformation has been brought together and presented in a wonderfully i ingenious be 

* ag panuer, ee is extremely well-ada; pre for the teaching of history.? 1 Se ae 


Se ioes,: Boaap ‘FOR Maint: icant: iiecla wievstied W.C., January ogth; 1888. 
The SHAIRMAN of the SCHOOL BOARD for LONDON (Rev. - JOSEPH Re ‘ 
iS -.. DIGGLE, M.A.) says:— & 

Pees have carefully examined your MgeEsonoloviges Chart of Universal Histor 
aud Have found it as accurate and trustworthy as any arrangement of the kind is 
) ever likely to be. The plan is extremely simple, and easily understood, and the value 
bot ib ta those who have to feet goa ote to adalt students, is very great. I wink : 
she enterprise every success. is iti bi 
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KING's Gorinan, CAMBRIDGR, November 17th, 1887, 

3 ‘oscar BROWNING, Esq., M.A., Chairman of the Council of the Royal Historical 
’ Society, says :‘— 

yo) "The skill and ingenuity with which the events on your Synchronologieal 
chart are depicted to the eye are very praisewor thy.” 


ae 


re 
a ct; 


St. Jonn’s TRAINING CoLLEGE, BATTERSEA, December 13th, 1887, 
the fiev. CANON DANIEL, M.A., Principal, Battersea Training College, says — 

‘ “Your very valuable Synchronological Chart of Universal History “is 
Seanstrncted on scientific principies, and must prove higuly helpful to young students, 
Diss itapossible to.study the history of any country satisfactorily apart from that. 

- of adjacent egantries. Your Chart will enable students to see what was going: on 
Vy pimnltancously in different countries and in what way they influenced each other,” 
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» itself, and form together a Sketch of Universal History i in its entirety, oy 


Apart from numerous Testimonials from influential men, the- Reviews: wise 
have appeared in the leading Journals throughout the United Kingdom 


. would, if printed in extenso, contain as much matter as several compiete 
Want of space permits us to give only the following brief ates 


EXTRACTS FROM OPINIONS OF THE PRESS. 


| “The amount of labour expended in 
~ the Preparation of these works must 


_ newspapers. 


have been immense.” — Aberdeen 


. ~dournat. 


Thoroughly to be recommended on on 


the score of accuracy and clearness.” 

| Atheneum, 
»«-. “ The three volumes form an titan. 
Ns “cal trilogy of considerable merit.”— 
' Belfast Northern Whig. : 
he work of eminent hands. ss 
» Birmingham Daily Post. 


-“* There has been no work which 


fills the place now taken by these 
» yolumes.”—Bristol Mercury. 


-**An absolute necessity to the his- 


“torical student, while for the general 
-Teader it is a very 
“ytchésses.’—Cambridge Chronicle and 


embarras de 


~ University Journal. 


“The three volumes will be found 
most interesting and useful, either for 


'- school use, private study, or general 


_ \feading. "Daily Chronicle. 


“Ali three volumes bear obvious 


signs of research and may well 
“prove of real service to those who 


‘desire an accurate general knowledge 


of the History of the World. "__Daily 


‘Telegraph. 
" ‘Readable and most valuable for 


_ purposes of reference.” —Dublin Daily 


Hapress. 
“People desirous of obtaining quick- 
ly a general view of the history of any 


particular period could not do better 


than refer to this work.’—Dundee 


- Advertiser. 


| * May well find a place in any library.” 


.—EHastern Morning News. 


“Comprehensive in design, con- 

enient in arrangement, and handy in 
Size. May be accepted as worthy of 
aigh favour.”—Glasgow Herald. 

“The volumes can be heartily recom- 
mended.”—The Globe. 

“The elaborate chronological tables 
and indices will be very convenient for 
finding in a hurry the exact date of 
any leading event in the world’s his- 
tory.”--The Guardian. 

“Three remarkable volumes by distin- 
Baened professors.” —Hampshire Post. 


- Figaro. 


fey 


“A most valuable contribution “to° 
literature.’—Hull Daily News. j 
‘Evidence of the minute accurac sy 


with which the work has been done’ 


may be found in the extent of: the 
survey, which comprises alike Chili 
and Peru, Venezuela and Pare nae — 
John Bull. 

“The work has been done on n lines 
carefully worked out . beforehand.”— eed 
Leeds Mercury... : Sh ad 
~ “We have. seldom risen ‘trom Aaah 
perusal of any historical work with 
greater pleasure.’’'—Leeds Times. / 

“Contain a vast amount of informa- 
tion.” —Liverpool Courier. ~~ 

in the highest 


“The whole series is, in : 
degree trustworthy. oe 


; 1d 
have no hesitation in recommending. 


them as most useful, most ins 
and most interesting.” — London. 


oT is difficult, if not impossil 
over estimate the valne of Tie 
volumes, which stand out mark sdly 
from the crowd of kindred. pul ublica: 
tions.”—Manchester Courier. z 

‘These volumes are not the wor of 
mere hack compilers, but of men whose 
known work in the historical field is of 


recognised value. ” — Manchester: Be 


aminer and Times. 

“ Must prove of great service to those. 
who desire an accurate general know= 
ledge of the History of the World."— 
Newcastle Daily Chronicle. a 

“Three admirable yolumes, piashane 
the history of the nations and peoples: 
of the world within such a compass 
as an ordinarily cultured mind can. 
grasp.”—Newcastle Leader. 

“The work is highly recommended 
and is bound to be popular.” aN orien 5 
Chronicle.” ra 

“A bird’s-eye view of the course of 
the human race from the Creation: 
down to the present date.’ '—Norwieh . 
Eastern Daily Press. 

“Not only is the general plan excel- 
lent, tut the details have been dove= 
tailed into it with the greatest ability. 


: 


eS ‘Suecinetly. chronicled.” — 


détails—of the World’s History.” — 

ublic Opinion. 
Wil be ‘cordially welcomed by 

a. and ‘general reader alike.”— 


‘artative, “making attractive reading 
hronicic. 
$2) a eg ‘Rapid as the story is, 


and wide as is its sweep, it does not 
ather mp all the paertanl 


hia Be iiorne in allits mostimportant 


: 90K, 
Tt is “a br ight, interesting, lively - 
se its own — sake.”—School Board 
rhe: om of three distinguished 


continuous 


ari ots ve - a 
y reat historical ndovemauta of 
; trom the Creation to 1887, — 
— Oxford 


“Professors Rawlinson and Stokes 


“Mesding events of recorded history. oe . 
. Lhe Scotsman. 


“Presenting in a clear, concise, nad 
‘narrative every event 
worthy of record in the annals’ of 
human history.”—Scottish News, 
“They rank exceedingly high among 
the educational publications of the. 
year.”—Sheffield Daily Telegraph. 
“Probably at once the most com- 
plete, the most popular, the most: reli- 
able, and altogether the most fascinat- 
ing epitome of universal history — 
extant.”—Sussex Daily News. 
. “ This work supplies a real desidera- 
tum.” - The Tablet. 
“Form a valuable addition to the 


cheap educational literature of the. >\~ : 
“day.” — Western Daily Mercury. — 


es Viphese volumes give an admirably ' & 
succinct and: accurate survey of the 
world’s history. May they circulate — 


largely and be widely rea "— Western OC eae 


Morning News. 


- “A> triumph of. artistic genius,’ Men — ae ee 
Whitehall Review. Beh 


‘ 
& 


Professor Pe ciindon has been very 


fief compass the stories of Greece and 
ome.” -—Aderdeen Free Press. 
= “gia age Rawlinson basi done i 


Ss Beton “of. parallel narratives. a Bin 
mingham Daily Times. © 

© “By a careful reference to this volume 
the student may soon master not only 
ates of each particular epoch, but 
its features, and arrange before his 
"maind’s eye the current events as they 
flow ou from the remotest times.” 

‘ae Briztot Times and Mirror. 

“This sketch is by an author of tae 
Highest eminence in this branch of 
eindy.” — Cambridge Chronicle. and ~ 
University Journal. — 

* Professor Rawlinson has done his - 
work with rare skili, learning, and 
*—Chester Chronicle. 
© * The leading features of the story of 

) ga0h great division of the human race 
\ @re clearly and intelligently sum- 
marised.”—Cork Examiner. 

» “The history of various nations and 
up etates during the time indicated is 
toidin a saitise of parallel narratives.” 

ae —Daily Chronicle. 


OFS & sb peelgntdos ward state- 
“ament, wh 


ecessiul in his attempt to present in 
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PRESS ain Ge 


dq 


lations of the Moat recert cuhnat’ ‘of 

historians.”—Hastern Morning News. 
“A clear and trustworthy record of 

events.”’—EHngland. 
“ Supplies an excellent outline history rf 


of the ancient nations and states, writ- 


ten in a lively attractive fashion,”— © 
Freeman's Journal. 
“To the student of history professes 


Rawlinson’s work will.prove invade: 


able.”—Huli Daily News. 


“The history of Rome strikes us as 


the best part of the work; it is fuller, 


and in some portions, such as the 


difficalt relations between Sulla and 
Marius, Pompey and Cesar, and the — 


real meaning of the great civil wars, it iam 


is particulariy clear and vigorous,’ 
Leeds Mercury. 


“The Camden Professor of Ancient wee 


History at Oxford is one of the most 
likely writers to be familiar with the 
fruits of latest researches, and his. 
sketch of ancient history is written ‘up 
to date.’”—Liverpool Courier. 

“The Camden Professor of Ancient 
History at Oxford has not failed to 
avail himself of the fruits of recent 
discoveries.’—Liverpool Daily Post, 

“ Tt contains a digest of Canon Raw- 
linson’s works on Oriental Monarchies, 
sufficient, probably, for all ordinary 
purposes.”—Literary World. 

“Canon Rawlinson has earned for 
himself « high position in the bis- 
toric world of letters.” —Manchester 
Courier. 

“A monument of the industry of its 
author.’—Morning Advertiser. 


scientific method.”—-Oxford Times. . 
“Embodiés the results of the latest 
investigations,’ "Public Opinion. 
7; “It records in pithy, yet full and ac- 
a) urate manner, the rise and fall of 


oo great: Empires peculiar to this epoch 

‘of the World’s History.”—The Rock. 
~» Professor’ Rawlinson presents in 
vr comparatively few pages a summary 
of all that has yet been discovered con- 
eerning the most ancient monarchies 
* “of the world. His sketches of Grecian 
/ and Koman history are skilfully 

* written.”—Saturday Review. 


lises the wealth of knowledge that has 


phering of the old inscriptions in the 
a "School Board Chronicle, 


atst volnme. “The pana 


Power, &¢e.”—A berdeen Free: Press. 


fe Theodosius the Les is the fall of 


head of each chapter, and the book is 
on the whole singulary free from 
errors,” —dAthenewm. 
“A good summary of the period, and 
Aas (4 Rravided with an admirable chrono- 
» logical table and index. ” — Belfast 
Morning News. 
+ “Professor Stokes has availed him- 
self of the best authorities, and laid 
/.- under contribution the latest and most 
authentic historical works.”—Belfast 
-. Northern Whig. 
"|. “Gives a lucid summary of the chief 
- facts of the Eastern and Western Em- 
* pires, the Gothic and Lombardic 


» Kingdoms, the early history of Eng- 


‘land, Ireland, and Scotland, the Car- 
ovingian Empire, the Saracenic or 
+ Mohammedan Empire, 
ferences to Russia, Poland, Spain, and 
-China.”’— Bir mingham Dait ty Post, 
“The author’s diligence in research 
and capacity for sifting, sorting, con- 
densing and arranging the crude 
matter out of which coherent and 
scholarly historical treatises are made 


‘The ebay’. of History: is waded i 
‘by this volume to something like a — 


'- > ‘Nations and the development of those — 


“Professor Rawlinson’s volume uti- 


come to us in our own time by the deci- ~ 


with brief re- 


KETCH OF ‘MEDLEVAL HISTORY 
ee A PROFESSOR: STOKES. Price 5s.; by Post, 5s. 6d, ese, 
PRESS OPINIONS. 


“ Gives a: shod. idea of the. political. ly aa 
history of the Middle Ages—the rise of | 

he Mahometan power, the tumultuous © 
oats of the German Empire, the © 
Crusades, England as a Continental 


“Medieval history from the death of _ 


| 
| 
1 
| 


* 


elem sabi he seit 


- will be deemed Ee of appreciasiy 
recognition. Not -only the principal 
peoples of Europe, but Asiatic India: 


eee prehensive ' view. — Chur ch Review, ~ 
style lucid. ”__Church Times." 


- Middle Ages wiil be found suceineth 
traced by Professor Stokes.’ "—Daity 


. Telegraph. eS Raken 
, _ “A model of careful compress on.”= 
Dublin Daily Express. — — 


# This : Epitome i is very skilfutly exes : 


: cuted, and its utility to the student is ~ 


much enhanced by the synchronologi- « 
cal and other tates and the olahonee ‘ 
_index.”—Scottish Leader. Bs 


“Ancient History is by Professor y 
‘Rawlinson than whom there is, per- # 
‘haps. no greater living authority.” o 
Shepield Daily Telegraph. — 


‘‘It is a marvellous story, marvel. 
lously well sie Z cP eS Dae me 
News, : 

“In the akotel pee embodiel he. 2 
results of those recent investigations, F 
which have thrown so much light upon = 
a subject. of which it was previously © 
well-nigh impossible to construct an” 
authentic re cord, i iocres Western, Datt : 
Mercury. ~~ 

“The ipa Oxford Profesaay has’ 
“embodied the result of the latest re=— 
sear ches and discoveries, and thug the 
volume is without doubt the com. | 
pletest that has yet been ‘published."— 


and China are included in this com- 


““«The sequence is orderly and the 


% 


“The growth of England during Gi 


Chronicle. 

“Marked as it was by a -wonderfu 
accession to humanity of light nm 
learning, this period is comprised with. 
in the compass of a very moderate 
sized volume in which are shown 
all the main facts ‘of interest. Das 


“The work is done. clearly” and” 
straightforwardly. "Eastern Morning” 
News. 

“The history of all the peoples who. 
can be said to have had a history, is” 
narrated in parallel accounts, special” 
attention being directed to the nations” 
and institutions which by their in 
finence and importance gave to these ™ 
times their chief characteristeh aa 
Giasgow Herald. 

‘“Professor Stokes carries ‘the nar- 
rative through the difficult years be- 
tween the defeat of Stilicho and the= 
coronation of Charles the Great’ == 
Leeds Mercury. 

“The centuries in question: “were 
crowded with matters of interest. and) 
Professor Stokes seems. to have ju 


_ 


Covers the pee: miedieeat pene 
Wilich saw the birth and development 
of the Papal } power, the origin and con- 


gunpowder, the printing press, and the 
‘Wartiner’s compass, and the commence- 


@ybich soon afterwards culminated in 
“the discovery 
‘Atiantic.”—Liverpoo! Mercury. Bie 
2 oe 3g ve Stokes, the Professor of Eccle- 


fanchester Courier. — 


e1gi 
os history.” '—Morning. Post. 


auch felt. "--'The Nonconformist. 


There is'a certain ‘charm > in the 
‘Tapid ride through the centuries. The 
“tapid succession of great events stirs 
“ike blood, and the absence of trouble- 
-, > .yome p philorop! 

y Ealiet to the dilettante reader of these 
ae 5 ie berdeen Free Press, 

EA very complete ‘work.’ —Belfast 
rorning News. — 
-*'Phis portion of the work is un- 
Subtedly, from its very nature, the 
maost interesting and the most difficult 
te. ing ar °— Belfast Norther n 


a ot only is the historic narrative 


Weaders, but the mass of facts and 
ees figares is so well arranged as to be use- 
Se ful for reference, and to be readily 
found by the copicus index.”—Bir- 
my ote cogil Daily Post. 
4 ar & is surprising what a great 
“Amount of knowledge Professor Patton 
Vhae managed to compress into the 
Amis of the work. The advantage of 
| being sble to study the history of the 
- various countries contemporaneously 
sg ois Obvious. By this means a real and 
lasting acquaintance. with the broad 
Wms interlacing facts of history is cer- 
ee tainty Minch more likely to be obtained 
* eg mm the ordinary pena of study- 


quests of Mahometanism, the rise and 
ecay of feudalism, the invention 5) eS 
ment of those adventures in navi igation | 
of a new world across the — 
“Siastical History in the University of — 
; iin, has earned for himself a high — 

osition -in the. Poa of letters. opty ws 


Professor Stokes is a man: of Be 
Weight and authority in the” rena of Be 


-* Supplies a need which ‘has. ‘been ig 


bising must be a great i 


© elear, concise, and fair for ordinary 


a pontine a wisieeouhie: 
mere compilation, but. a strong, com: 


tt is: no. 


ee prehensive grasp of the strange and 


“Dr. Stokes has made good use of. © 
ne many materials | at his disposal, 
and as succeeded in producing 4 | 
ae ; iaas volume.’ 7 ee a hae: 
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thousand’ years that elapsed between 


still in the course of development.’ Seale 


view of the most prominent events of 3 
- the Middle Ages.”—Scottish Leader: 


than Professor Stolzes? 
the Crusades. "Scottish News. 


from 395 to 1493, a period of great im, 
portance in the development of man- . 
kind, and in other respects most in-. 
et teresting, is just as thorough, treating 
even of the history of China, about, 
which tp the majority of persons very. 
little — 

+ Teupraah 


- work of the Dark Ages—that time when © 
great things were attempted and many 


: notable things See, il Western i 
as Sse News: 


Price 7s. 6d. ; : by Post, 8s. 
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; + ingthe annals of batueak Jeountiles sepa- 
rately.” Birmingham Daily Times. 


Ottoman History, etc., mapped. out be- ‘ 


sometimes inexplicable story of the ~~ 


the fall.of the Ancient Civilizations” 
and the beginning of those which are.” 


School Board Chronicle. eS 
“Professor Stokes, of. Dublin, is a ng 

high authority on medieval history.” or 

The Scotsman... He 
.‘*Wurnishes a very useful bintieae [sea 


' *Nothing could be more admirable. 
treatment. ‘Of 


_ “The yolume of ‘ Medieval History,’ 


known.’ '—Sheffield Day. A 


_“ Aa excellent idea is given. in. ‘this ; 


“In each period contemporary his- © i 


tory is set forth, so that the student —. 
has not to travel, 
studies, but has the features of Italian, - vy 


so to speak, in his. ~ 
French, German, Russian, Polish, and _ 


fore him. Allis'set forth with lucidity. — 
-and interest.’—Bristol Times and, i 
Mirror. ‘ 
“Bach page bristles with names and’ s 

‘places, and is sprinkled freely with 
dates. We consider the work one of © 
high value, and to the mature student > 
of history it is full of suggestiveness % 
and stimulation.”—Chester Chrontele. 

“ Werecommend this book asa good 7 
and useful compendium of modern his- > 
tory. The sketch of American History oe 
is particularly well done.”—England, 

“The advancement and consolida- 
tion of the states into which the world 
is now divided are clearly traced, and’ 
the vrogress of literature, science, and 
the arts in each period noted, "(FLA 
gow Mail. 

“This work will certainly take rank 
as a vuluable addition to the student's 
library, and will be a lasting tribute to 
the skill and knowledge of Professor 
Patton.”—Hampshire Telegraph. 


ow Ti is ‘Hoe dimeutt: to and eva 1 ; 
histories of different countries: it is a spe id 

hard matter to find a real World » the points which are, eve 
History.”—Leeds Mercury. sent time, made tender by co 
©The volume of Modern History is and party feeling with bo 8 an 
especially well done—the ‘ Sketch’ in with reasonable discretion. Itis a: 
‘many places giving way to most in- useful sketch of these four-and-a- 
‘teresting and succinct detail, and thus centuries of progress and 
making the work especially valuable.” tion.”—School Board Chronicle. 
Leeds Times. “A piece of painstaking and 
- -Pyofessor Patton boldly and faith- work, and supplies what is olen 
‘fully sketches modern history and he needed.’—Scottish Leader: Hs 


has produced a well-executed piece of “The description of the 


work.”— Liverpool Datly Post. the French Revolution, with | 


“Professor Patton has produced a 
iseful and accurate book.”—Morning horrors, is singular! y graphic and. 


nog pressive.”—Scottish News. 

“The name of Professor Patton is an “The result of the author's 
‘ample guarantee for the thoroughness - 3 Pravent is of sews ea 
a. reliability of any work he may or dexte a in the marsha 

ndertake.”—Manchester Courier. dates and facts, for power, dirs 

‘Though Professor Patton is less and simplicity of expression, 
‘elt known than his distinguished col- general interest and accuracy, is” 


Kd 
aborators, his volume on Modern His- _ bably unequalled by any Bue" of its 
ory proves that he is not unworthy to a, Me ip: to diy publie."— 
@ associated with them. ”—Manchester Dat y News. — 
xaminer. - Will be found extremely re 
‘The general arrangement and clas- _ ing reading, the romance of 
ification are alike excellent.’—Public receiving picturesque treatme 
pinion. — the facile pen of rofessor Pa 


“Describes in a clear, vigorous, and Western Daily Mercury. 
intelligent style, every important event “Such a volume as this is 
‘in the world’s march towards a higher able—for to understand intel! 
and nobler civilisation during the past the many complex problems 

our centuries,”’—The Rock. national life to-day, it is n 


“Contains a vast number of ‘facts. » havean accurate knowledge co: 
A carefully executed piece of work.”’— _ events of the last few hundr 
: hoa Review. —Western Morning News, 


A 


“THE GLOBE WE_ INHABIT.” 2 


Uniform with the Histories, Price 8s. es by Post, 3s, 9d. 


“The Natural History of the Earth and of its Pre. Hubian inhabitants, . 


By PROFESSOR EDWARD HULL. 


e 


EXTRACTS FROM OPINIONS OF THE PRESS. 


_ “Dr. Hull’s work far surpassesour | Qupleriery, and the epoch of 
‘expectation.”—A berdeen Free Press. | —Belfast Morning News. — 
The work of an expert.”—A berdeen “The book will not only be of 
Journal. to the student, but it will be of in 
- “Generalization, not in every case also to the general reader who has 
- unallied with rashness, has always made a special study of geology 
~ been Professor Hull's strong point, Belfast Northern Whig. 
_ and this characteristic has stood him | “Contains a mass of facts.” 
In good stead in giving life and mingham Daily Post. 
interest to the speculative restora- *“We can recommend the work 
tions of the land and sea of past the greatest confidence.” — Be 
periods which abound in these pages.” | Teacher, 
—Atheneum. / “It is a fascinating story, and. he 
* All the periods are described from we have it told in brief by Pro’ 


the Azoic Age to the Neozoic and | Hull.”—Bristol Mercury. 


Professor. Hull gives a aise ‘enae” 
cid summary ‘of geological history, 
the book is specially adapted for 


gud terms are never used without ex- 
‘planation. —Daily Chronicle. 

“Gives a plain and lucid statement 
of the facts of geology, as they are now 
generally recognised and taught. en 
Dublin Daily Hapress. 
_*#imbodies the results of the ‘most 
recent research.” — Dundee Adver tiser. 


Morning News. 


Amipresses the subject on the mind 
ith a distinctness not easily abtain-— 
ble. —The Lducational News. 
The work is well done and in ace 
cordance with the latest theories on” 
Ssubject..—England.  —_- 
“The author enjoys a more. than. 
Enropean reputation as a writer on. 
cology.” —L£xeter Flying Post. 


‘at once that this volume. will 
enhance Dr. Houll’s reputation | as & 


means Journal. §§ 
Ze Forms an appropriate introduction » 
Jniversal. TOLL, “Fe sonia 


SP emarkably | concise and must 
prove ex eedingly interesting to the 
eological student.” —Hull Daily News. 
> “The stadent has here the very 


Hines. ”_Trish Educational Journal. 


exemples i in preparing this abstract of 
acience which he has at his fingers’ 
ds.”°— Knowledge, 

‘Professor Hull writes in a very 
tucid and pleasing style, quite unlike 
eS didactic mode of scientific men 
erierally.”—Leeds Times, | 
“There is a good deal of unques- 


pages.”—Literary World, - 

“* Will ensure a sound elementary 

oy ledge of geology, and admirably 

‘Preface the way for more advanced 
tudy.”—Liverpool Daily Post. 

“This admirable little volume is a 

' ¥aluable addition (to the sketch of 
© Universal History), and makes the set 
; auite periect.”—London Figaro. 

-.* Phere is no higher authority than 


te homed Hull, whose writings are 
_ familiar to everyone who has tried 
to mnderstand the ‘testimony of the 
rocks.’”—Manchester Courier. 
Pee "The author has succeeded in 
SP) making the work both interesting and 
© Pimstructive, ond it may be confidently 
f teeotnmended to those who require a 


4 


jpular reading. since scientific words 


“A book which geologica! students | 
‘Of all grades will find uset "Eastern 


* The clear account Dr. Hull gives 


There need be no hesitation in say- at 
- Chronicle. 
Oa stent teacher. of science. ”_Pree- ; 

|. of ‘Coal Fields of Great Britain’ and 


tory of the British Isles,’ is sure to be. 


Witerary marrow of many ponderous fh 
“Professor Hull follows ilustrious © 


Summary of Geological History.’ one 


47 Bonabiy yaluable information in these — | 


eae ralinbis: guide to the. ae principles 
SOL geology. "Morning. ‘Post: * 


“The book is drawn up in @ oleae & 


and masterly manner.” — National 
_ Schoolmaster. 


“The book before us is a maryel of 
condensation. "_ Nature. — 

* Professor Hull’s work is a decides ; 
ratum, . there being nothing exactly 


like it in the English language. Mo pai 
North British Daily Mail. ie Oe ia 
“A compact narrative of facts: pe ies 


Norwich Eastern Daily Press. . 
“The information is brought down 


_ to the latest period of investigation,” 1% 


—Oxford Times. 
“The work has been done with a 


. clearness and fullness which is at once 


the evidence and the result of very. 


-- complete knowledge. “ Practical 
_ Deacher. 


“The former volumes deal with re p : 


‘corded history, ancient, medieval, and — 
modern; this one is a sketch of the. 


natural history of the earth before the 


animal man made his appearance. . 


upon the scene.” — School Board ae 
* A book from the pen of: the sate 
of ‘ Contributions to the Physical His- © 


full of interest, and as original as. 
accuracy and the nature of. the 


-. subject will permit. ee School- pen 
master, — 


“He who has mastered its contents 
will have laid an admirable theoretical 


foundation for the study of geology.”— cae 
Scotsman. 


aS Undoubtedly presents avery useful - 


Scottish Leader. 

“Professor Hull has grappled man- 
fully with his difficulties and suc- 
ceeded beyond all expectations.’— 
beta ig Daily Telegraph. 


Dr. Hull has aimed at. the pendiene “se ae 
_tion of a sketch which shall’ contain 


the various epochs and their noken ig 
worthy fossils, and at the same time 
enable a student to apprehend that 
most suggestive and interesting sub- 
ject, ie east tert history of geologic 
change. The sketch is written in a 
clear, forcible style, and its convenient 
size should render it popuians 
—The Spectator. 

“The first complete summary of the - 
historical portion of the strangely- 
alluring science of geology which has 
ever been published in the English” 
language.” — Sussex Daily News. 

“The gist of all the information 
obtainable in matters geological has 
found a place in this work.”— Western 
Morning News. 


nny of these Four Volumes may be had in Special Bindings, with gilt edges; 
suitable for Presents and School Prizes, at 1s. extra. 


PBOOK or DATES 


A Manual of the World’s Chief Historical Landmarks 


a _ AND eee is 
AN OUTLINE OF UNIVERSAL HISTO 
ae Bee ay BY Ss 


CHARLOTTE M. YONGE. 


WITH THIRTY-THREE ILLUSTRATIVE MAPS — 
: 3 BY 324 Sr ant i ss 


_ KEITH JOHNSTON, LL.D., F.R.S., F.R.G.S., &c., Geographer to the | 


- The MANCHESTER COURIER says: | being grouped in the period 
—“The present volume contains ina | it pertains. An interesting 
convenient. form’ a synopsis of the ~ and one that forms by no m 
great events of the world, arranged so least valuable part of the ¥ 
as to give a kind of bird's-eye view of table setting forth the pop 
the contemporary occurrences in diffe- ‘religions, and governments 
rent countries, and thereby impress world, with detailed particul 
‘upon the mind of the student a clearer - colonies and dependencies of 
idea of the relation that one country . European and other States, will 
‘bears to another, and the influences years in which they were sever: 
that each has had upon the other. quired—tables that may be read ¥ 
' The first portion is devoted to u gene- profit by those who would look 
» ral outline of the history of the Ancient indifference on the frittering away 
-- World, commencing with that of the - our own empire, showing, as they 
three great races—the Semitic, the the extent to which some of our 
Aryan, and the Turanian—the settle- tinental neighbours, notably Gern 
‘ments of the early tribes, the rise of have added to their territorial p 
the Greek kingdoms of Syria and sions during the last few years. 


. Egypt, the Roman Commonwealth, volume furnishes a handy and e 

. andthe Punic wars, followed by the reference to the chief events o 

_ development of the great Roman Em- country and State. It contains ar 
pire, the rise of the Papal Power, of useful information relating to 
medieval Europe, the reaction against particular epoch, prevenven in @ 
corruption resulting in that great reli- concise, and readable form, and gi 
gious revolution, the Reformation, not only a comprehensive view 
ollowed by the various social and ancient and medizval history, Li 
political revolutions of the last three intelligible and continuous pictur 

centuries, and the changes in the ' Europe from the dawn of mo 

' boundaries of States as a consequence civilsation to the present time. 
of the continental wars of 1848 to 1871. amount of labour must. haye been 
Under the head of ‘‘ Historical Land- stowed in the preparation and i 
marks” we have (1) a series of syn- arrangement of the subject m 
ehronological tables of events under and, whatis of the first import 
various dynasties from the year B.c. every care has been taken to & 
2500 to A.D. 651, when Persia became accuracy of detail. The work is 
absorbed in the Empire of the Maho- companied by a series of oa 
metans; and (2) a series of chrono- engraved maps—33 in all, comme 
logical tables arranged in periods from | with thatof Europe at the time 
the death of Theodosius the Great, Crusades, and culminating in a ge 


A.D. 395, to the present time, the most survey of the existing state 
important occurrences in each country world.” ; ' 


ey 


Just Published, ‘Crown avo, 0 Superior Cloth Binding, Price 5/-, by bos! 5/6. 
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i _ PHYSICAL GEOGRAPHY 

Being an Introduction to the Study of the eo 
fae ~ Phenomena of our Globe. 

"EDWARD HULL, MA LL.D, BRS: 


x DIRECTOR OF THE GEOLOGICAL SURVEY OF .IREDLAND. 
‘PROFESSOR OF GEOLOGY IN THE ROYAL COLLEGE OF SCIENCE, DUBLIN. 


In preparing this work, the Author has endeayoured to make it as complete 


designation of “ Physical Geography,” or ‘‘ Physiography,” has been omitted. 


» Globe. These fundamental problems having been disposed of, the physical 
been dealt with. So wonderfully linked together, however, are all the parts of 

ig stupendous whole, to which we give the name of NATURE, that it is impossible 

9 deal with any individual section of it without, in some degree, having reference to 
other ‘aspects: of it than those immediately under consideration. Even the organic 


sid 
Animal and Plant life on the Earth’s surface; and, consequently, the concluding 
Part has been appropriated to this most interesting and comprehensive subject.. 


* the scope of the present opusculwm, copious references have been given to works in 
sie it will be basis more fully handled. 


ee CONTENTS. 


and exhaustive as the limits assigned would permit, and a reference to the list of 
€napters given below, will show that the treatment of no subject falling under the 


“Without trenching further than could be avoided on the domain of 
Astronomy, some account of the Harth as a member of the Solar system ~~ 
has been given, and also a brief description of the early condition of the ~ 


: reo observable on the surface of the earth as at present constituted, have. 


and inorganic kingdoms are so interdependent that the work would have been con- S aoe 
éred somewhat incomplete, had no reference been made to the Distribution of 


Where anything like full treatment of a special subject was found inconsistent with 


(ee ; epi ae I. 
StRONOMICAL AND INTRODUC- 
at 5 TORY. 


» System. 
ii —The Barth as a Planet (continued). 
iti.—Latitude and Longitude. 

1V¥.—The Moon. 


ae Parr Ii. 
i, ae “TERRESTRIAL PHYSICS anp 

: 5; DYNAMICS. 

Bo ‘1—Tre Earth. 
“Ef,—Volcanoes. 

ee eerequakes, © 


2, Par © IIL. 
es ) PHYSICAL ‘FEATURES OF THE 
GLOBE 


A—Varieties of Surface Features, 
Vi—The Oceans. 
’ “I}.—How the Oceanic Waters became 


e2 Salt. 
~ 4V,.—Coral Islands and Reefs. 
© V—The Tides. 


1—The > Barth as a Planet in the Spine 


CHAPTERS, 
VI.—Oceanic Currents. 
VIL.--Ocean Temperatures. 
Viil.—Currents of the Air. 
IX.—Temperature of the Air. 
X.—Rajin and Rivers. 
XI.—Snow and Glaciers. 
ae _ bea eta aie Waters 
pring: 
XIII, fais COR Wells and Under- 
ground Waters. 
XIV.—Other Conditions of Tr 
ture of Water. 
XV.--Terrestrial Magnetism. 


Part IV. 
DISTRIBUTION or PLANT AND 
ANIMAL LIFE on THE GLOBE, 

I,—Influence of Climate. 

Il.—Botanical Geography. 

IlIl.—Zones. of Plant Life on the 
Himalayas. 

IV.—Cultivyated Plants and Crops of 
Tropical, Sub-Tropical, and Tem- 
perate Climates, 

V.—Distribution of Animal Life. 


and 


WITH COLOURED PLATES, MAPS, AND ILLU STRATIONS, 


[ a. ie ey Fi, Paes a 
NEW EDITION. Crown: 8vo, handsomely bound, cloth alt, : 
Price 5s.; by post 5s. 6d. a 


40th THOUSAND, 


: COMPOSITION ine > STYLE: 


A. Handbook for Literary hii gaat 


WITH A. 
_ Complete Guide, to all matters connected with Printing and Publishing 


ae . / Edited by R. D. BLACKMAN, 


bie "This Nite A forth and illustrates all the rules which sheuté be ‘ondiee 
a ah ie the young Author. These, if diligently practised, will Zhai BnyOne of onainany 
aN, Tor iigenee to acquire for himself a clear and forcible style. 5 


Ms ‘By way of introduction, and as a stimulus to the eee, of the. ‘Studenk 
ijoamparicon is instituted between the opportunities and status of writers in bygone 
years and those which favour men of letters of the present day. The greatly 
' enhanced material results which now attend a successful literary career are ee 

- obyious to need more than a passing mention here. 


ay. In the body of the work the Student is first warned against the iapropeeeed ; 
which occasionally disfigure the pages even of good writers. In this connection the . 

\ purely grammatical errors and peculiarities of expression, drawn principally . from | 
Foreign Idioms, which must be sedulously avoided by the merest tyro in the art of © 
- ¢omposition, are treated at such length and with such clearness of example as with of 

' ensure their entire future avoidance. The main lines along which the writer mansh 

> travel to acquire propriety and precision of style are broadly indicated ; and the care 

- . which is necessary in the employment of Synonyms, or nearly Sypony meds: words, ; Re 
Se brought home to the Student by suitable instruction. _ eae 


_ Bis attention is then drawn to the proper construction of sentences—th key 
stone to the arch of perfect composition—and he is afterwards introduced to the 
* select body of authors, who, from the sixteenth century onward to the present time 
~ have gradually and continuously built up our existing English styles <9.) 


‘The Student is now in a position to profit by a detailed account of the pica | 
Bh of composition comprised in the employment of the various: pte: a ae to” 
each of which an entire chapter has been devoted. : a 


~.. The foregoing directions are then combined i ina eur survey ‘of the aifte ‘ent. 

e ‘kinds of style which mark the great masters in the art, and many sections are | 

_ employed in placing before the Student the means whereby ae may, attain 20) thi 
facile use of whichever of these styles he may prefer. ; 


-. Ateach stage of the process, he is furnished with abandsait iene culled i 
from the ancient and modern worlds of literature, of the excellencies he should — 

- imitate, and of the faults he should avoid; and his judgment is assisted by a ~ 

~ lengthy and careful analysis of the style of some of ‘the acknewleaere Raper ee 
_ ‘English composition. yh 


» ©)... An important feature in the present volume is the section devoted fo preston 

BS hints on the technical and business aspects of composition and literature. Such= 
information may indeed be found elsewhere in a scattered form, but. it has at 

“alah been embodied in a work of the present onptacver. aa ce 


iss 
rem oF 


The “Naat lade oda cb BOOS cm. English Writers. - The illustrative 


passages from Roger Ascham to John” 

Ruskin are arranged with care and ™ 

judgment. The concluding chapters” 
of the publication furnish practical 

advice with regard to the preparation 

of MSS., the relations of. Ane 

Editors, and Publishers, and 


| Style as exemplified by Standade 
| 


and iisitationé 


of barariiainel 


sentence, the use of figurative. lan- 


errors in writing, the structure of the . 


“guage, and the various qualities of 


¥en 


technical details connected with the’ 
printing and issue of new books, 


. NEW EDITION. beans 8vo, tandsoel Bolind) lth ai ie 
Price 2s. 6d. ; te post, 2s. 9d. | 


Edited by R. D. BLACKMAN. 


The ; great success Sweat attended the previous editions of ‘this ‘work has Was i 
» such as to justify the publishers in endeavouring so to extend its BeOne as to ati # 
: still larger section of the public than heretofore. ac ae ae 


it was felt that something more was needed to sec ure the ultimate aim ee ‘the 
ork ; and that to effectually : assist those desirous of acquiring facility in the art of. 
Letter-Writing, it was necessary to begin from the very foundation, - and,j by — 

resenting to them in a convenient and compact form the most useful rules in every 
Subsidiary branch of that art, to eee even ae See areren uneducated ics 
them to. practise it with ease. ae 


With. a. view to stimulate. saripeniv ana ‘6 iow what delightful results’ accrue. 
tom proficiency in- that too rare accomplishment, an account of the most brilliant 1g 
a tter-Writers of the World, and of their style and productions, is prefixed to the 
ain ‘body of the work. “This is followed by a series of useful hints on those 
Jementary subjects: which should first engage the Letter-Writer’s notice ; and some 


“eli eget rules are here set fortis and a heaeh ig i eh are ease and foreible 
mples. 


The next orig of the work i isin Bala an introanoon to Composition aad ; 
style i in their essentiai cuacr aga. and should receive | an attention COnrEEDOn ATG 5 oh 
a er importance. Geeng 


eae At this stage full auiationa are ‘inserted on ali Saattate ‘which bear on 
Panctuation ; and a full ané@ useful chapter is introduced on the Blunders and 
lemishes that most commonly beset the path of Young Writers i in every dense sera 
ad toar their best endeavours, aa 


The work contains a complete list of the Participles of Verbs thatcan presen? 
= the smallest difficulty as to spelling, every example being referred to the rule which 
Se afects it; and a very full jist of Homonyms is included. Other points, necessary to - 
cog and therefore, useful to the Letter-Writer, for example, the pb Bross 4, 
Roticea a ee alec af ber particular Verbs or words possessing verb force, are - 

at leugth. 


= Po keep pace with t the growing interest felt in technical terms and anes 
“Hist of those Greek Words, which, either in their ‘original or a modified form, abe 
been pressed into this service, will be found in its proper place. 


>-. In order to fully justify the title of Complete Handbook, a list is piven-ndite 
“eomplete and exact than any hitherto published—of the Forms of Epistolary 
Adatess, with full directions for beginning, concluding, and addressing letters to 
5 - “persons of all degrees, ranks, and denominations. A full account of the Order of — 
5. their Precedence and the relative social position of the various grades in the service oa 
of the Crown is included in this section. Bh 


One of the most valuable divisions of the work, considered as a handy book of 

iad aketence, is that devoted to Postal Information and cognate matters. The mass of Pee. 
hae Getails comprised in the many separate Official works on these subjects, are here ie: 
es a shown in a single section. 

a 


ig YORKSHIRE CHRONICLE says:-- is allotted to postal information and 


| “Weare not aware of another book cognate matters. A more useful and 
Vin the field of literature that embodies handy book to be placed on the table 
‘#0 mach inforimation ac thisone inso | of a poor man it would be difficult to 
' @malla compass, It is styled on the find, but especially in the case. of 
D) title-page a* Dictionary Supplement.’ | families where there are grown-up 
"and “A corm lete handbook of the sons and daughters. It is to be hoped 
Gpistolary art. It is all that and that it will have that large sale which 


4 mach more, for 4 portion of its space it so richly merits.” 


W EDITION.—Crown 8vo, handsomely b 


5th THOUSAND. NE , 
3 : Price 3s. 6d.; by post, 3s. 9d. 


DICTIONARY OF FOREIGN PHRA 


CLASSICAL QUOTATIONS: 


: | ‘A Treasury of Reference for Writers and Readers of Current Literat 


Edited by R. D. BLACKMAN. 


__ it has been credibly reported in the press that a theatrical audience, ha 
- before them a drop curtain representing a Roman Villa, with the word * Sau 
' prominently displayed upon it, one of them innocently enquired who wa 
- maker of the salve which he supposed to be thus advertised. This is an extreme 
_ somewhat ludicrous instance of a lack of knowledge which is prevalent to a2 

greater degree than is generally admitted. eee 


.... Anyone who has received an education, however meagre, however strictly ¢ 
‘fined to his native tongue, is credited with a perfect acquaintance with most of 

‘numerous foreign expressions and classical quotations which occur now 

frequently than ever in current literature. see te 


_ . . Although the number of Members of Parliament who can quote off-hand 

their Iliad, or Aineid, or Horace, is fewer by far than half-a-century ago, yet we 
quite recently heard an alderman cite Greek; and it may be safely adirmet 

_ those who still possess these accomplishments are not indisposed to display 


-_. It is chiefly in the columns of the press and in works of a technical char 
_ ‘that numbers of words and allusions, which are “caviare to the general,” are 
found. Let us take at random a well-known evening paper. In a single i 
article extending over a little more than a column in iength, the following s 
terms occur :—Ménage, quid pro quo, savoir fatire,in camera, amour propre, 
- forma, infra dig. Even popular works appear under such titles as Fors Clavige; 
_ Sartor Resartus, Altiora Peto, Vestigia, Omnia Vanitas, &c. The decline in the sti 
_ of the Classics, however, has considerably lessened the number of moderately y 
educated persons who might, with the aid of a dictionary, spell out for themselves 
_ Meaning of such terms, and many of them are probably in the condition of the yo 
in the novel, who translated the motto,“ Toujowrs 4 Tot,” by “ All Days to ! 
and of the reporter who took down phonetically the well-known phrase, “ 4 
Plato, amicus Socrates, sed major veritas,” as “I may cuss Plato, I may cu: 
Socrates, said Major Veritas.” They might even regard au sérieux the | 
-. Henry J. Byron’s clever absurdity,,“‘ Honi soit qui mal y pense” —“ On his walk h 
madly puns.” eee ee a 


The difficulty we point out is largely increased because very many of the tel 
as referred to are of the nature of idioms, or proverbial expressions, condensed very 
quently to the last degree, and consisting sometimes of a mere catch-word w 
conveys to the initiated all that was expressed by the original author in a 
sentence. 


The contents of the work are grouped under the heads of the various langua 

from which they are drawn, and in every case the words and sentences 
accompanied by their English equivalents. There are comprised Latin, GE 
FRENCH, ITALIAN, SPANISH, PORTUGUESE, and GERMAN. 


In case of the quotations no pains have been spared to ensure their cor 
transcription and translation, and the meanings of the Foreign Phrases ¢ 
Expressions have in many instances been brought out by original examples compo 
expressly for that purpose. 5% 


The LEEDS MERCURY says :— Greek, French, Italian, Spanish, 
_ “Writers and readers of current tuguese, and German are bh 
literature, especially thelatter, will find together under appropriate div 


this work of great use. A great many and, being arranged alphabetics 
a familiar phrases and sayings in Latin, reference is easy.” ; a 


ae VADE- FMeCUM A J Delete 


t 


: - Price 28. 6d. a 1 by 


ol., | ae morocco extra, Mudie’ s superb binding, 
a : mM oy I 38. vee | 


‘Miss EMILY FAITHFULL says :—‘** 1 am very much 
eased with your excellent book, and I can recommend it 
| th great confidence. It is one of the best aids to literary 
uccess I ever aK, and will be found of great value to the 


tridions seal 


ce omprising 52,500 Words more than Dr. ohinson's, and nearly pans 
kee Lanes than ee other sas 


LOI an 


Price £2 Qs. Od. 


‘ a 


* 


j PROFUSELY ILLUSTRATED WITH WOOD-CUT, 


to be fount in any other Dictionary. 


e ATHENZUM says :— 


: “The yolumes before us show a vast 
‘amount of diligence; but with Webster 


The Great pee ae 
itis diligence in combination with fan- OLIVER WENDELL HouMES, says 
cifulness—with Worcester, in combina- “WoRCESTER’s DicTIONARY 
tion with good sense and judgment. ~ stantly lain on my table for « ail 
WorcrstEr’s Dictionary is the and Webster’s reposed on my 
~soberer and safer book, and may be for occastonal consultation.” 


FS Lexicon.” 
; 
} 
| 
| 
| 


\ 


[ou 


The Largest & most Complete Dicllonsny of the ae 3/6; a po 4 


es tabetha 52,500 Wor ds more than Dr. Johnson’ 8s, and n 


ue 


than any other Dictionary Yy. 


is NEW AND ENLARGED EDITION.—Royal Quarto, Superior B 


ae a, ae 
em. 


<a | Embracing upwards” OV TB 


ing of its title to the fullest extent.”— 

City Press. 

_- * Comprises much information of a 
Kind in frequent demand among mer- 

' -eantile men.”—Daily News. 

oo. SENo matter what att of the world 

the business man makes his profit he 

- will here find the necessary data for 

f converting his figures to British stan- 
dards.’—Dundee Advertiser. 

-, © Admirably adapted to answer the 
business purposes for which it is in- 
tended to serve, and should be in all 

-ecounting rooms.” — Hastern Daily 

. Press. 

_ “Cannot fail to be of use to business 
men.”’—Glasgow Herald. 

**One of the most useful works ofits 
class that can be submitted for the 
approval of commercial men.”’— Hull 
Daily News. 

“Tt forms a valuable contribution to 
that science of business which Mr. 


Pa ocr: ‘Bane aiicnicably ends and — 
a Ne "classified, the book is certainly deserv-. 


7 OAS Pe _ Price £2 2s. Od. 


POI OOF 


Percentage, from as per PER, ah 9 aI C 1) Tee on 1 amounts s from 
Sh Rt One Penny to £10, 000. 


Gt INTEREST. TABLES ae 
On amounts from £1 to £10, 000, ealculated at: Br per Cent. 
peor ar ee _ from 1 day to 365 days. fae 


INTEREST TABLES 


: ya anaes’ Platt. wee 
upon in ‘his. Introduction, and is indiss 
_pensable to merchants who aim @ 


_ we have seen.” — 
* Leader. 
etre i (e' whole work is well ‘arraneen 


"asoune 


TABLES a 
~ pated at 91 ‘Rate j 


a 
le 
i 
5 


accuracy in their ‘wansactions: and- 
successful business eareer. The wo 
is essential to the careful trader,”"— - 
“Leeds Mercury. mir 
- Appears to be very. well ee 
its purpose.”— Manchester Guardian,” 
“One of the best, aids to busimess 
_ Neweastle Daily 


and ‘every care seems to have been 
taken to ensure accuracy. ”— Scottish 
Leader. Sa 

“Ts a very handy reference book.” “ 
Sheffield Daily Telegraph. : 

‘A store-house of valuable infobie 
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cages.” —Liverpool Daily Post. 
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‘‘ The work will be regard 
the more confidence because the ex: 
sition of the laws is by an eminent 
authority like Mr. Morgan Lloyd, Q.C. 
—London Figaro. : ; ; 

_ ‘The volume before us embodies 
a clear and comprehensiveform a m 

of useful information relatin 
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almost every walk of life, given - 


Manchester Courier. pa : 
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it is evidently advisable that 
person should possess the ~ 
of ascertaining what that respo: 
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needless litigation might be avoided. 
—Morning Post. 
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, ~ 
‘ fi 
> 
‘ 
, 
< 
yore 
’ 
~ 
fey Nn we at ted 
‘ ¢ 
\ 
Be 
‘ ‘ 
, 
{ 
” 
, 


~ e aus “fe 
emis oa eee, igs " 
: < 
4 A ~~ \ ae Se 
oe . as \ 4 
f u : vf eae 
ees 
Ww / . ; i ie 
Ag 
im ; ; 
; ‘ 3 
aha if : a ‘ 
7 , “ 
e 
¢ , ~) 
‘ . - ' \ < x 
F ‘i ah . ’ i ’ x 
‘ & t a ‘ 
ry ' , \ . 
aanare e : 


) ‘ aut : : i, 
} ‘ ‘ i 
Sa te iG “ : 
aX : Ng 5 hx ; 
eee ( , t 
’ . atten. ‘ 
e ‘ , ‘ 
ry t ” 4) 
\ i » \ 
~ \ ‘ " . ‘ . ~ i 
Py ' 
ae ) , , 
ae Kg 
s Zk ks , EA < es é } y Sos) 
* N 2 pes 
‘ Sn a et 
Yu 4 y se i ‘ 
van Ory kote BES ‘ F . ar ee 
A ft ‘ i ‘ 
) f ‘ F 
»: aoe ‘ . aa . 
RAG anny Oe AES ee Roe 2 
“ pe 4 
renee, Ete ; , 
. i r y i 
ms eas oe 4 ¢ ‘ 
Dies) I , ue} 4 
5) ‘ i ‘ rh oy : a 
é tye i 
i Bh dat < ? : - 
eel b pes 
5 Mico ys ia Foes EN Vt 5 v » 
\ ) : 0 ie 
, N eo ) ‘ ; 
X 1 . , 
Tonk ‘ 
" y 4 ; f 
Noe x , * 
i iy ‘ { 


e 


lah t Vacated 


Mie ape 


S 
SOLES 
SSeS 


= 


~ 
aS 
SYS 


Sy 


SSSR 
ANTS, 
SN 


48 
rf 


We ~~ ~ : 
CE 
SES 


Soa \ 
SRA 
NN 
SSNS A 


